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@^|iSI?-iK#Hex* "M.WlX' 2 0 0 O e Jil± t ^ixT 

tt>-:^^5^ Co*5 oj^^^%BiJi-&^L, y^^xD^^ 

tUTP t, Cr*3j;tJ«Ta(??7C^*^^.jl{i*tl.f:i'>';e< 
y Ko 

[fs*^7] ^^m.'&^wim^'k\.x^m.^M^'pf£< 

t Ur^tf b i - c r y s t a 1 «igSr*-r •SSESatt 

^^>'^^m^^i^xm^^tix^i^zt^w»t-ri>m 
^m.m.^^^y K„ 

1 0 1 7 , SB*JS 8 * fc«|f 3}*^ 9 <o 
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^fitt^JSTflfelKJi, C r . V, T i , T a , W, Z 

r. Nb. Hf. MofciO^A 1 c07C**^f>jltf^x5{i> 

fet^j^^ .y K„ 

1 2 1 nn^m 7 . »*3j 8 * fcttfe*3K 9 » 

^fBtt:&JST«filK«^*:'L^lz::3^^iaA5B&< 2 0 0 >E|6] L 

xf£i,zt^it^mt-f-^mn.t5.^^m--y h\ 
in^mi3] 0mm'¥mm^ift\^xmm.^i^±'pfj: 

i\LWmmfm^m\<^tz.mm&.^^^^y Kic*5v>T. m 

(4, Ni, C o*3j;U«F e (7) 5 *>'>'i< t t. 1^05cS^ 

m:kmi)mm^fixmmmmb^Hxtj:-*) . mummm 

izm (c J: 5 fc *j tt Tv<.e£# i:- roit 

H c/Hex;6S. T ;^BII!LHexdS|IS6<)«-Hex= 

0 1 J: "9 'b;*:#< g?^^n-C;isr 
i:Sr#mi:-r5lK^jgSt^*-~y K, 

[tS*« 1 4 1 1 3 lE«ro<K^fiM^;^-- 3/ K 

{wjSV^Ts BfrlS«:^;^li;k:S/eiS]^ii:/i5 2 0 nmKATcDN 

1 O. C oO. iSit/N i OtC oOt<oa^^75>e>il 

K, 

lif*^ 1 5 ] m^m 1 3^®.(Di&n.m.m.^^^y k 
him.) ^±^!K55-i:-r-5®-t?&5r tsr^mt-rsK^ 

ISJit^ail'^ .y Ko 

(is*^ 1 6 ] m^m 1 5mm(om^m.m.^m^y k 

(f**^ 1 7 ] iS*3l 1 3 IE«com^ffifeL'3t)m'^ J' K 
^C*5^^T. mifE<*a:^±i:*cS/5SAx Mnioo-x (wCKC 
xttO£lJ:4 oetTx Alii r. Fe, Rh. Ru. P 

m) t-ri>mx'^^^t^<i(^mt-t^m.^m.tK 

IW*^ 1 8 1 tS*lg 1 7 |EiE©<K«CSfetS&*'^ K 

:it^<i^mt-r^ mn.m.im^^ y k, 
ifg*« 1 9 J ^-^y^ 1 3 ^m.<r>mmm.^^^^ y k 
^c:*3^^■r . m^%mt>^izmi)^^mt^ 2 0 n mijiTw a 
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-Fe2 O3 i:±^^t't^mr':k^:iti:^mt't^ 
Its*:* 2 0 1 If 1 3 mm(omm.i&tK^^^ ^ k . 

[f«*^ 2 1 1 iS*^ 2 0 |S«cOaMffi5t^l|-- :y K 
^e:4sv^T. BulBtS^;^iS:^^^oj^$;65 2 0 nm«TTfo 

[if*:S2 2] #att4'rB^^4"^LTgBS$ttfc^>* 

Iff 2 3 1 If 2 2 IE® (7)]^^ig;fetS5m-^ K 

[ff 2 4 1 IS*^ 2 2 |S«cOa^ffi;trL^^:f:-^ K 

t*«:/jiS::^M (c J: ^5 ^mm^^M io {^t 5 S^J^^^V T ;^ ^ 
#«b(DitHc/Hex;i»^. T ^^mWHextm'R^ 

xtii^^t^w^t-r^m^^mh^^y Ko 

Iff 5}^^ 2 5 1 If 2 2 IE«<7)^^Sfet^m-- 2/ K 

JP^^^n. ;d^o. C o?r«^7c^^ UT-^tpb i - c r 
y s t a l«it^*-r5fj!W^ttJKT*&^r<J:S-«Fia<h 
■r^^^}£StS!i*--2/ Ko 
[Ifl*^ 2 6 1 ff 2 3 . If 2 4 */cli|fl3jt« 

m^^x.xt^^z.t^w^t'r^mm^inM^-^y v\ 40 

[0001] 

[0 0 0 21 

l&etSbiS (GMR^:^) ^^SrS^tS^5{-fflV^ybMR--5' 50 
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[0 0 0 3] GMR^m^fflV^yct^^(?:>v— -/i-KSJMR 
-^-2^ Kfi. m 8 ct 9 {C. 'g^J;^^ A 1 2 O3 • T i 

C fs: h ^Ste 1 (D±{a^y<-^ u^fj: t^(DW:mii 

mf)^^tj:^Tmmm^-ji^h^m2mm^tix\^^:5o r 

asi 5. 4^raJli4. iffiikH^gi e^sfcoT. m^t 

mmmi enR^mi^mi 7{cx-:>xm^t:^mm^tix 

xMRm(DWim{z,y<^ T:^m^^m^'t^ c o p t /.c if 

MOj^^WT;=^lK5. ^Lry-K6;^)5gag^tt 

X-. r^< y h ^J-r 3 >^:^^(Dm^i&m.5^mm^ 

(«T. MR^-T-cbiS-r) 7:^m^^nx\^^^o MR^ 
^^'c^V— KSMR--^' KtC:feV^T^l. m-^^#(Di^db 

fi. ^!jx.«— — Ketct^^^agssriStL. mrm 

[0.0.0 41 St*. GMR^^^ffiV^fcMRJ^t^. 

:yy</i^rfmf)im^hnx^^ ^ ^(om^mm^. aiks 

m\^\'^R^-^m^m-^mm'^f\^x. mitn^Mm/^m^^ 

[0 0 0 51 GMR^^^fflV^>^cMRJK^C*5V^T{^. m 

a^^;6-ft?i^5^2 5 0^#iff"T?aibSS«*5J:t;? 

^^v--yi^K;i(c:^^a^S:*rtt^#^L7^c^. ^#(0 
;&f^^GMR^(C>Pj-LT9 0° lHlte^^i:T^|b®^il(7) 

[0 0 0 6] L;O^L. ±IEGMR^^^fflV^fcMR^:^o 
J:t^MR-^'y K(C:^o^.^T^^. a'fb@«g<7)^:^tt^iS^ 

Mm^^^m-^^t-^+j^\:Lfs:ox\^^ Oo 

[0 0 0 7] te::^. TB^i£<^^-rtT>(i. a^fkS*^ 



( 4 ) 

5 

10 0 0 8] ^fc. TB7bm\^^t^m^i^cx^mtmM 

T B O^^tC fflU o /Co 

[0 0 0 91 mimmmimmi.^mmitmxm0. 

GMR|g«^;6SgElc:*a?>i^Tl^5o w :i t d J: 
[0 0 101 

mm^m^i^xv t-r^wkm] ±i&(Dx^{^. gmr 
[001 1] :^^mn^<DXo^^'^^&m(op.mmcn 

Xy<^T:^:^^:yh(0^^^mm\^'t^:itfj:<. ^fz 

[001 21 

yaT*2 0 00 e);X±t^iXX^j:^^t^Wl^t't^m^ 

[0 0 131 *^P^60-IIJ£off$^^:^'r«^Stn;a;^ 
^y h^(Dm^^mmm^m 1 t:i^i-o lil 1 (c:ioV^r|E-^ 
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^'g^-r^^'&M. isji^^tt^B. i4*i*r«^ii. 1 

;^^^:la^c(t^brl^^icl^;&^ SS^BttSAl 1 

[0 0 141 *^p>^6o+g^tc*5VNT(i. a^bH^etcf^ 

R3fi?^ti^'S^L/c-^(7)^^ti^Al l:fe.i:l5^attf*: 
[0 0 151 *^^^^C^oV^T. a{b@«Pg#^#Hex* 

Ji. me^^^-rXoiiC^ MRi^idSiiPi-^i^l^o^S^ 

- B.{^>fk;55t5{SIS^p(cigi^^ *.-C?Si6T;d-ib®^> $ -^X 

V ^ o fcs-g-tc . mitmmm (Dmit^mmi.xt&^mbif*^ 
[0 0 161 ^i^x^mMicm^xn. ±m<Dmmcx 
m^tmmm-^m^Hex^ ^ 2 0 0 o e u±{z.^^x%. 

[0 0 17] 2^^P^tc:j:tttfa{b@«P®(^)^«1t^oi* 
[0 0 181 ^^^bS^^I^S^S^tt^-e^U/c-^ct 

(D^mi^mxmf$.^rix^^ . K^^^cDmit^n^mi.^ 
0 ^oi^^'t^:it:^^x^^<Dx\ mitmmm7^^h<Dm^ 

:it^P5±x^^^ :z(Otzi5b. --^^ Kco^WT;^^-f >- 

[0 0 191 ^mm<Dmm&i7i^^^y Kic^ov^Tf^. 
[00201 ^^m<Dm^muW}m^y K^;ljyv^r^i. 
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Pt. C r *D<J:t/T a CO^^;^^b^tftLfc^>^c^< 1 1> 1 

[0 0 2 1 ] ±IBC o Sr^^^J^t-r^t^Mt LT{i. ^ij 
;tJiC Ox Aioo-x r(Cx ^ 5 OT'fcoT. AI^P 

Sm. Ce. LasY. Fe. Cr.V.Ti.T 
a. W. Zr, Nb. Hf. Mo. A 1 :io J:U^N i cOtc 
m:^-hm\ifitz<}^^j:< thim) i:^^^t Lfc^SS: 

t LTfl. Mx.JiF ex Aioo-x Cl ^ x ^ 5 0 T*$> 10 
oT. AiiCo. Cr. Pt, Ni. Y. V, T i-. T 

a. W. Zr. Nb. Hf. Mo. ^oJ:I/A 1 OTn^;^:^ 

^ .=^MO-X2 03 (mtdXf^F e. C o. Mn. C r 20 

• ^^hmi-^tb^^J^^^JlK thim. MI^Mn. Fe. Co. 

. N i , Cu. Zn. Mg;!)^e>]lfm^^nc< thlU) 
X*^^tl^:^\^:^/uy =iLy^ *Dj:Wb^5*ZO • F 
6 2 03 (rrtCZt^Ba. Sr. Ca. Pb7!)^biii^ 

[0 0 2 3] *5ip^com 2 <DmmmK9h^^v Kt^. ft 

ilW^^imt X^X^tsh i - c r y s t a 1 ISit^^t" 

^mmMm^x'h^z.t^w&.t't^mmmK^m^y 

[0 0 2 41 *^P>^^C*5^/^T b i - c r y s t a 1 ffiig 
t Lrmtg-r^OT. C o^ati^Ob i - c r y s t 

a \ mm^^\s^x\fm\^^mii^%^z.}it^x^^. 
[0 0 2 5] ■^w^(ommxmsm-^y y\^^\^x\±^ 

C o ^^^7C^^ Lr-&l>b i - c r y s t a 1 «}gSr 

^-t^mmM^mco^^^^^wvm^vxm^^x idle 

itUycJ: . C r . V. T i . T a . W. Z r . N 

b. Hf. yio^x,xj^K\(05tmt^hm\tic\.^'pf^<t 
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;65iBS< 2 0 0 >gEf^Lrv^5t>(7)^5$?4 L<fflv^bJ^ 

[0 0 2 6] *^McD^^}£fet^^--5/ K{CjoV^T^^. 
CoSr1»J?g7C^^ LT^tpb i - c r y s t a I 

[00 2 7] ■^w^(ow>^<omm.wsm^^v ki^. is 

*5VNT. mm\\mmm\m^m^it\.xKmi^^^ 

^fhXf^^-'^(D^m^m^^\.. tuis->cto5t^ttg 

St-Ji. Ni. C o joiO^F e 05 '^^^7;^< <h t> 1 

. (ow&t^m-xmtmm^fx^xmmm^h ^^xfsi'o . m 

<^«::^7ig:^Jl J:' ^^iKiig 8t 5 T ;^ ^ 

#<t<7)itHc/Hex;65. 3:^m^Wr;^a#Hex;d53IS6^ 

[0 0 2 8] *^P^(;i^3V>T. K3Sai4S^$tLT?i5 

m^^mtim±m^mm^^^h\z.^ox. 
[0 0 2 91 :^mm(Dmm&^^^--^y h^\::^n^mm 

?:>5 2 0 nmEJLT<7)N i O. C o 0:J3 J:I5N i O ^ C o O. 

100-x (rr.{czjiNi. Pt. p d(?:>:^^;ii^bil(m 

tl. ZxMnioo-xS<^i?^JiiS*5l 6(;i|E«L/cJ: 
L< til 5 nmWT-efc^o 
[0 0 3 01 ^tz. m^mi 7{;i|E«LfcJ: 
m(Oi^m:^m:kmtl.X. AxMnm-x (^Zi,Cxi^ 
0JEJLJL4 OUT. An Ir.Fe.Rh.Ru.pt. 

[0 0 3 1 1 ^tcm^mi QfcffittLfcJ: 
(DUmtim::f^m t Ur. mm:^*^ 2 0 n mJ[^T(5^ « - F e 

[00 3 21 ^fe(c|S*«2 0(c|5«^LybJ:5(-. 
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[0 0 3 3] ^^m(0^mt)i^:kmt LTffll^-5C r-g- 
^^LTI^. Al. Mn. Cu. Pt. Pd, Ag, A 

Ir. Rh. Ru. V. Fe. Co. Ni, Gajo 

o°c&.rxmi\:^mm^tixf£^:zt^wmt'r^m^ 

if X^I^^-r^S^attS^M'&^ii-^ r ^ J: 20 
[0 0 3 6] *5SPJC0m{keftJl{C/<yU>^yNr>^:/y^ 

K^;l:^3v^T^l. f«*^2 3{ci5i^L;rcj; 9 (c^^bH^ii 

<^Kfb@^|5SI1^a#Hex* 2 0 0 O e Si±Xh 

[0 0 3 7] ^fc:^^m(Omit^^m\ZyVU^ 

C o ^mfj^Tcm t LT-^tP b i - c r y s t a 1 
[0 0 3 8] ^tc:$:mm<Dmit^mm^:^^Vi-i^ y^^if:^ 40 

m^^mib^Z t:^-X^ 
[0 0 3 9] ±a!LycJ:p(C. *^P>g(OMR-^5/ KO^K 

[0 0 4 0] 

^mm{cm-5\^^xnfmi^m.m-t^. so 
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[004 1] mmm 1) mi icTr^Ltzm^^mmmi: 

[0042] AI2O3 - Ti 1 2 /i mli:(^ 

N i 80F e 2otmn.->-J^ KIK 2 (^)^i!cj|g<J: V-zU K5>fiJ 
yti±:;^:tn<>fzm. =¥-vs/>^K3coA 1 2 O3 SriiS 
O^^Xn-t;^|Cj: rc^Ttfe^ffll^T. Co 

80P t 2o(5nm) /R u (lnm)/C 090F e io(3nm) /C 
u(3nin) /C 090F eioOnm) /T a (5nm) COMRlKSr 

[0 0 4 3] rOMR^(C:ioV^T. C o so P t 20 (5nin) 
/R u (Inm) /C 090F e loOnm) i^^tl-ett. 3S^tt 
JlAl iX^^mi 2/^^ttSBl 3;6^?>7fcS^K^b@ 

j:9^:lRujlc7)J^Jf:;65i^^$i^T^/^6p ^K?:*^'^^ 1 2 
tC{iRu;rc«tT*/.?< . ^JxfiCr. Rh. I r/^^*^S^ 

[0 0 4 4] z(DXo^j:mmmm<Dmitmmm^m'r^ 

±IEcOMRlK4{c:oi/NT. l£fet(?5^#{c J:^-^>fb^aiJ^ 
[0 0 4 5] gI6{^:*5l^-c. I . 

<. ^{b@«Mo^M^?5^^b^^^a^^c^r'ijb;5^/<^v^;^5^ ^ 
±^<W)^. B^#;d5Hs ^-iSi-5IVT*^>^b^i:^^{^i&fp^c 

[0 0 4 6] MRJ^{CioV^T. Hex* <^Mii 2 0 OOe 
[0 0 4 7] -r/^^-^. a^bS*®^5^^tt^B(iXb'* 

w</uXM<?: LTibf^L. isfi^j^»(^a#{cjs:;cyca^b 
S*S<7>a{blHlte(;iJ:»9. ^«tt^B<bcD«[{bOfB]^{i 

[0 0 4 8] MR^cOHex* com:^^^2 O OO e tCfS/cJfe 

i^^m-B-i^. mimmmitmi^(Dm^f^t*(Dmm^^nx 
[0 0 4 9] *ll^6^J(c::J3v^Tfi. Hex* <?:>fii:j^4 O 0 

O e "CfeofCo 

[0 0 5 0] ^T. &l±<7)J:p{CLT^KUfcMRIK3 
l/\ «S^<-rr;^^5 ^Ta/Cu/Ta#<7>y— K6^ 

m^mxmf^Lxhx^\ 

[0 0 5 1 ] :i<Dm^. R^mi^miia-^N i Mn . P t 
Mn. IrMn. RhMn. CrMnPt 
5^IKttg(Cf:iN iFe, CoFe. CoNi. NiFe 
CoFe. N i S3Sfi$ttlKO^iS|y^-Y T :^ 
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m\^mit<D^mmc x ^y<y\-i^^^ ^if^y^ ^^m^-f^ 
[0 0 5 2] g!^^4®<^ffiv^§»^(c^i. c o p t . c 

o Cr. C o P t C r /c^ir;dSfo5o ±t ^J:^mt!^m^ 

10 0 5 3] :^mMmx-nm^<^r:^m5},z^ Co9oF 
eio(5nm) /P t 50M n 5o(30nm) I ^fdo 
[0 0 5 4] mi\C7^'tX'?{C^ ^^^yZfm 10 

*I>6rfRj-. -SP^H] 1 oM:frfS](ci 5-k o e (Z)^^^^;;()Dbr 

^Mrpi-r5-->;/ Kffi (ABss) (csii:?^^:*TR). m^m 
[0 0 5 51 mmum^2o ox:&.Txnoz.ti>^x*^ 

[0 0 5 6] ^NX^CO^tC, !>^WN^§) 

[0 0 5 71 ^^^xmmm i <^ cojtg^<^fci6(c, ms(o 

[00 5 81 i:beifi»JcOMR^<E: LT. T a (5nm) /N i 
8oFe2o(7nm) / C o 90F e io(l. Snm) /C u (3nm) 

o 90 F e 10 (2niD) / I r 22M n 78 (7nra) / T a (5 
nm)Sr^jKbTfflV>fCo I r22Mn78io<DT 30 

B(t^ji:*©j^»LT 2 5 ot:(;il^^L. r^^^ybi^-r^^ 
[0 0 5 91 il{^^^:/n-fe:;^(l^-f ^/^♦M*f^05 

kOe(oaif4'-eTB#3fi(OMS2 5 ox:x3mm(D^ 
mzx hvyi^m^\^^cmn^mui.x. ^^MTxM 

5-Cfc^P t MnSr^jKLfCo 

[0 0 6 OlHifeMl <hitg^W<DMR--:y Kitg^Lfc^ 
/.^^nTjo<9. r&a^±#{C^i-^^^t^ (IT Elector 

^\z\^^w&mt^^-t^^mM'^m^\^x\i^^f^^. i 

[00 6 11 ?t*5^JS0y 1 X\t^ ffit-fbS j:tJ^a{b50 
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@«^0^8$ttgB t LTC o F e^^^>^rffl^/^fCo * 

i F e-^t^^, N i F e C o-&:&Ji. fo-Sl/^f^C o F e 
/N i F eOffl^/^t\ $*$*4/.^«^7:f5prfgx*fo^o 
[0 0 6 21 (^le^d 2 ) m 2 om^6^Wci0T*^ bfc 

[00631 AI2O3 - Ti QmWL\^L\Z.2ixmW<0 
N isoF e20(b«^i>'-yi-m2^^)^Lrv/-/i-K^ 
#J:/Dir^SrtToyc^. T'l^S (7)A 1 2 O3 Sril 

u (Inm) /Cu(lnm) /T a (5nm) /CogoFeioOn 
m) /C u (3nm) /C o 90 F e io(3nm) /G- r- (inm) -/ 
C O80P t 2o(5nm) /T a (5nm) ^^I^LfCo 
[0 0 6 41 wOMR^{C:^oV^T. C o 90F e loOnm) 

/C r (Inm) /C o soP t 2o(5nm) {i^tt^*;ft. S^^tt 

SB 1 3/'i^^m 1 2/!^^'i4^A 1 1 t^hf^^m\\m 
miMvmwhn^xih^. 2S(D^<^ttsoiK{boiRi 

$i^TV^5o 1 2 ici^C r (^t5;6\ R-uv R- 

[0 0 6 51 wO^Jfe^fJtCjolN-CfiSt^ttiiAl 

8 0Oer*fe«9. MR^(7)Hex* Offi<^L-C3 2 

[0 0 6 61 ^<^MRflg{C*f LTHJS^J^I^CXS^fT 
[0 0 6 71 ro^^^-b. ^^b®^^fi±g(C^l+fc 

[0 0 6 8] m^m 3 ) ^mm i (^MRs^icit-^T. 

MRe(7>^>fb@^ST*fe^. ^SattSA 1 1 /'i^^m 1 
2/^«ttSB 1 3(Dmm-^^^?L. C080P t2o(5n 

m) /Ru(lnm) /C o 90F e io(2. 5nm) i , CosoP 
t2o(5nin) /Ru(lnm) /C 090F e io(4nm) CO 2 

irbfco rp-rsr i:tcJ:o-r. 5Satt^A 1 1 O^Sfp 

a^bxff^Offi^SSSJtt^B 1 SOtafpfiS^bxiPSom 

[0 0 6 91 ^t^^:^> A 1 1 (D^mtiVt 1 O 

0<J:7ti9. Hex* C0ffifi3 0 OOe t?io-C. IIJS«?iJ 1 
(Dm^tlt-<X<P L/h$ IMS <J: T'fifeofcdS. a^ffifet 

[0 0 7 01 rc>J:9tc. ^>(b@^^(;::*5{t:5S5ftS«4 
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[0 0 7 1 1 ^iic^m^mB 1 3 (Dt^^m^t^xmrn^m 
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[0 0 7 2] (mmm4--i 2) mmmi tmm\c\^ 

[^11 





1 1 mtm/l^ 


12 ^WSi 


1 3 !!ftttttSB 


Oe 




4 


Co75Crl3Ptl2 


Ru 


CoSOFelO 


120 


4 00 


5 


Co75Crl3Tftl2 


Ru 


CoSOFelO 


150 


380 


6 


Co75C r 1 3Pt 4Ta 8 


Ru 


Co90Fe 10 


110 


310 


7 


Co83Sml 7 


Ru 


CoSOFelO 


220 


420 


8 


Co83Yl 7 


Ru 


CodOFelO 


230 


410 


9 


Co80Pt20 


■■ Cr 


Co9 0Fe 10 


100 ~ 


32 0 


10 


C r/Co80Pt 20 


Ru 


Co90Fe 10 


600 


700 


1 1 


CoSOP t 20 


Ru 


Ni 80Fe20 


100 


350 


1 2 


Co50V4re46 


Ru 


Co90Fe 1 0 


50 


220 



I0 0 7 4J (mmmi s-'i 9) mmm2 tmm<>z.L. 

0ij 1 3 ~ 1 9 (O^mSr^-t-o 
1^2 1 





1 1 ^mmnA 


12 

mm 


13 memmB 


mth Oe 




13 


Co75Crl3Pt 12 


C r 


Co90Fe 1 0 


100 


360 


14 


Co75Cr 13Tb12 


C r 


Co90Fe 1 0 


130 


340 


15 


Co75Crl3Pt4Ta8 


C r 


CoSOFe 10 


9 0 


270 


16 


Co 8 3 Sml 7 


C r 


Co90Fel0 


200 


380 


17 


Co83Yl 7 


C r 


Co90Fel0 


210 


370 


18 


Co 8 OP t 2 0 


Ru 


Co90Fe 1 0 


a 0 


28 0 


19 


Co80P t 20 


C r 


NI 80Fe20 


80 


310 



Hex* ;6S+^lc:;/c#v>fii^^L. mumm^^m^ry h*<0 

[0 0 7 31 mm{^ LT C o X Aioo-x ( x ^ 5 0 ) {C 
*5l/^TA=Pt. Sm. Ce. La, Y. Fe. Cr. 30 
V. Ti. Tao W. Zr. Nb. Hf. Mo. AK 



( 9 ) 



4*gB2O00«O2O926 



15 

^^L/c->pfco?^^^^^ji(7:)-:&^cffiv^fcm^^c. Hex 
[0 0 7 51 ±m<Dmmmm^'rti-hTy<y v^y^i^^ 

[0 0 7 6] m^m 20. 21) ^3 (om^^mmwrn lo 

T-;^^;afcaMgfetamS^Sl5(i. A 1 2 O3 • T i C 

m(ON i 80F e20^<^^l^^>^— /i^ K:»SiJ:7'n ir J?^ (7) 

J:»9^|gL. Il3tc::^'t-J: ^{-C r (5nm) /C osoP t 
2o(25nm)(7)^!!S£tt® 5 Sr^l^i- 5 o 

Tite^ffiV^T. C 090F e loOnm) /C u (3nm) /Co 



16 

9oF e io(3nm)/C r (Inm) /C o soP t 2o(5nm) /T 

a (5nm) OMR^>^^^L5^c, 

[0 0 7 71 rc7)/>- KTg^^gittCitlfir^^^y Vi> 

[0 0 7 81 fn^^ 'rx-K'mmmA--\ 9x-mMz.f^-:> 

[0 0 7 91 ^^n:L(ommxmitm'&m(o^m^mA 
lit LTF e^^. N i ^^m. ^m^^^f:Lm^(D^^^ 

[0 0 8 01 
[^3 1 





1 1 ^K<^A 


12 

^« 


1 3 ^^ttSB 


mJ: Oe 


H 5^1 


20 


Fe85Col5 


Ru 


Co90Pe 1 0 


55 


250 


21 


Pe85Mnl2Ti3 


Ru 


Co90Fe 1 0 


100 


4 00 



l^^ttClLr. Fex AlOO-x (^^{Clx^BO. t^^A 
fiCo. C r. P t . N i . Y. Mn. V. T i . T 
a. W. Zr. Nb. Hf. MoiS^XJ^A 1 (D^pt^< t 

him) (OF Q^^^^xm I'^^fi^^m'^mAi i\:i 

2tLT. Ru, C r ^fflV^^fflV^5ti^'&^Cig^;i:Hex 

[0 0 8 11 ^fz. mm\tmB l 3 1 LT. C o F 

[0 0 8 21 ^Jiismmik^W^^m 1 2 t LXn. ^(D 



[0 0 8 31 (^JS^J2 2~2 5) ^tO^JS^J ^ f^^mt- 

LT. ssattJiAi 1 1 LT. mitm^m\^mx^^. 

^J: «9 . 3S?^tt^ 1 1 Ai: LrS?>ft:ife5SfiS14ST*fe5;^ 

[00 8 41 
[^4 1 



( 10 ) 



4#M2000-020926 



17 18 





1 1 ^ittttJiA 


12 R^atft 


13 ^ttiiJaB 


fWt^J Oe 


H 

o¥ 


22 




Ru 


Co90FelO 


50 


210 


23 




Ru 


CoBOFelO 


100 


380 


24 


CoFcg 0^ 


Ru 


CoBOFelO 


15 0 


420 


2 6 




Ru 


CoSOFelO 


52 


220 



l^^{;iMO • Xz O3 (X{^F e. Co. Mn. C r CO 
^?i^< ia> M(iMn, Fe, Co, N i, Cu, 
Zn, MgCO^>/^< <!: t> la) ?:^^|a^;65^ffl-SItg-Cfe 

[0 0 8 5] (mmm2e. 27) ^commmtrnm^^ 

UT. 5i«ttSA 1 1 t Ur. g?{l::i^5*^'tt^T-fe5-^20 
i^^h':fy>^<-< hMy^'y^ ZO-6Fe2 03 
(Zi^Ba. Sr. Ca. P h (D 9 < t h I U) 



[0 0 8 6] ^O^m J: . 1 1 t LXmit^ 

/Co 

[0 0 8 7] 
[«5] 





1 1 ^wmA 


12 £^§iSfili 


13 3«ZK1£SB 


fiHSbf} Oe 




26 


BaO* BFeg O3 


Ru 


CoSOFelQ 


120 


410 


27 


S rO- 6Fe2 


Ru 


Co90F elO 


130 


430 



mmm 2s) me nmimmm(D^i^m\±m b 40 [ 0 0 s s ] 



( 11 ) 



^^1^2000-020926 



19 20 



mm 


11 masmA 


12 mm^ 


13 ^WSMB 


Oe 




28 




Ru 


CoSOFelO 


55 


230 



^{Ch i - c r y s t a 1 WatOC o^XXfC o^^^ 

MW±nnA 1 2 03 - T i cm^^m\^\ :^<Dmm± 20 

fc^^V— yl-KI^2(7)N i 80F e2o(2Aim) <t /i- K 
5>f'J>^nir;^^:¥-t :y :/iiT*fc5^^STifeS<^A 1 2 
O3 (70nm)^^JKL. r^^Ti&^fflV^r. C r (Snm) / 
Co (bi-crystal (Snm) /R u (inm) 

/Co (Snm) /C u (Snm) /C 090F e io(3nm) /T a 

[0 0 8 9] :zzx-MRm^mm\^mm-t^a crmn 

c c«agO^B^Ji;i^b«^^tv5o Cr^JKSu<^Al2 30 



Ai^^m^ii:^) {cj:«9. r^yv:7T;^6^oc r ^ A 
I2O3 i: ^=^v'Vi/K/SM;6S?f^^t)c^tt^^. ^(0±.<D 
Ci\^. < 1 1 0 >iafplLfc^fB^;5S?F^^^n. -^o^ 

^^(DAi(D^m^mA\^^ptj: <<tt>bi-crysta 

3(^5*^14^3 J: ^9 t>:;^# < 7 00 e <J:/^^o - 
(7)fci?>Hex*J^2 8 0Oe;&q#bix. ^{bS^il^^ll: 

[00901^7 hi— crystal 1Sag<7)C o ^3 
J:t^C o'^^^ffiV^/cllJS0y4 5 — 6 l^TT^iTo 

^{C*5U^X. 1 1 5S^KttSA<7)ffli<^)afis/i;;'ttr^/u:7 

[0 0 9 1 ] 
[^71 



( 12 ) 



4# 8^2000-020926 



21 



22 





11 isammA^ 


12 


13 ^smm^ 




0? 


2 9 




Ru 


C 0 


8 0 


3 2 0 


3 0 




Ru 


C 0 


2 0 0 


5 0 0 


3 1 




Ru 


Co 


70 


210 


32 


Alg O3 /a/Fefi5Col5/Co 


Ru 


Co 


120 


500 


33 


Alg O3 /a/Cr/Co90FelQ 


Ru 


Co90FelO 


90 


360 


34 


AI2 Og /a/Ta/Co90Feia 


Ru 


Co90FelO 


80 


320 


35 


A 1 2 Og /tf/V/C o90F elC 


Ru 


Co90FelO 


170 


450 


3$ 


Alg O3 /a/Zr/Co90FelD 


Ru 


Co90FelO 


60 


240 


3 7 


Al„ 0- /tiXFe85Col5 
/V oyUr & 10 


Ru 


Co90FelO 


110 


43 0 


^ ft 










9 0 n 

A A U 


39 


Z r OX /a/C rXCo 


Ru 


Co 


53 


230 


40 


T 1 NVa/C r/Co 


Ru 


Co 


52 


210 


4 1 


Alg O3 /a/Cr/CoSQP t20 


Ru 


Co 


1000 


2000 


42 


Alg O3 /a/Cr/Co 


.Cr 


Co 


60 


240 


43 


AIN/fl/Cr/Co 


Ru 


Co 


100 


420 


44 


AlN/a/Cr/Co 


Cr 


Co 


57 


230 



::.(DmMmC7j<^tlfcX b i - c r y s t a US 

t UT. A 1 Ox , A 1 N. S i Ox , Z r Ox ^ T i 
N^^j^mX*^. t<tCA10x, A 1 NTtti!;dW^L 
V^o T i Ox , TaOx, ^-fi^^VK^-r 

^:fy-:^>7^^mmx^ ^:zt:^^^t)^--:>fCo ^fc^ bi- 
crystal «^OC o joJ:I/C o^^m^f^mir^ 

r-^F e C o^^^;65{£fflT-t5o rO}5;?)^(CT i . 
W, Nb. Hf. Mo, Al/^<t^. *fcm^C05c^$r 

[0 0 9 2] *fc. mmm3xm^i.fcx^\i^. ^m^t 

[0 0 9 4] {mmm4 5-7 4) ?^^S^3Sl*--:y K 40 

n^u^A 1 2 03 • T i cs« 1 ^<7)^^6± 

(C®^->— Kflg2C0N i 80F e2o(2Ai m) t /t- K 
55'f']:7^nir;^m^^®Tlte^c7)A 1 2 O3 (70nm)^^^ 
L. r<7)T±t^^^v^T. NiO (15nm) /Co (3nm) / 
Ru {lnm)/Co (3nm)/C u (3nm)/C o 90F e io(3 
nm) /Ta(5nin) (Dmm<DMR^^f$,mi.fCo 
[0 0 9 5] r(7:)MR^^Sitt-*5l^T. N i O^^ 2 0 n 

lOJ^^IC J: § Hua(D/c i?) B jgKc <C o -C L 50 



:i«^2^c4?)N i OOi¥^l^2 O nmJeXT^^^a* L 

V\ 

[0 0 9 6] A 1 1 (o^mti^^n i o^Ji: 2 0 

nmKTT't 3 0 OOeSS^i*^. -^t^r^^t^^t^ 2 
0 Or£il±^T-m*L^^V>(^-e^^T*fo^o 

[0 0 9 7] rcoasmitciovN-r. <K^®gt?a*«ra!j 

Sfe/^^y^ t>Hex*, Hex' > hex* s h ex^ tf^^o 

mitm 1 l<59Hc{^300Oe SIS T*Hex* 8 0 

[0 0 9 8] :^mmmxi'^N i o^^{:ii,^m(D^mt} 
m^m^mmx^^o mmi±mti.xii^mT^(Dxf^M 

NiMn, PtMn, F d P t Mn ^J: tl^-~^^(DMm 

^t<Dtzi^(DmMm^-'^^^x^^o mm^t^^^-uxhtm 

Hua<HcT*^"9. ^^b@^Jl<30a#i;i J: 
\cxn^j:o:^tid^X^^. 

WLMJuXWWi. ABSDioW^^L. :^y-< y—it-r^ 

[0 10 0] ±misxxf-titmm(Dmmmi:m8\z7r 



( 13 ) 



4#B^2000-020926 



23 24 
-To [^81 
[0 1 0 1 J 











Oe 


Tl Urn 


45 


N i 0 ClOtnO /C Q 


Ru 


Co 


150 


500 


48 




Ru 


Co 


300 


6 00 


47 


a-FCg Og (10ni>/Co 


Ru 


Co 


250 


520 


48 


P t 52Mn4 8(15im)/Co 


Ru 


Co 


60 


240 


49 


P t 52Mn4BaOaa)/Co 


Ru 


Co 


70 


2 1 0 


50 


I r2 2Mn7 8(4QDXCo 


Ru 


Co 


55 


2 30 


51 


N10aM/Co9 0Fel0 


Ru 


Co90FelO 


330 


8 00 


52 


NIOaOnO/CogOFelO 


Ru 


Co90FelO 


180 


6 10 


53 


P t52Mn48a5niO/'C oMF elD 


Ru 


Co90FelO 


80 


270 


54 


P t52Mn«a0niO/C o90P elO 


Ru 


Co9 0Fe 10 


85 


3 00 


55 


I r22Mn78(*ia) /CoBOF elO 


Ru 


Co9aFe 10 


60 


2 50 


56 


I r22Mn78(4na) /Co9flFelO 


Cr 


CG90Fe 1 0 


50 


2 10 


57 


Cr70A130C20nn)/Co 


Ru 


Co 


70 


300 


5 8 


Cr50MnS0C20im>/Co 


Ru 


Co 


100 


300 


59 


C 6 OC10mi)/Co 


Ru 


Co 


140 


4 80 


60 


CoOCBnai) /N i OCSni) /Co 


Ru 


Co 


180 


520 


61 


Ni 0(5ntt) /Co 


Ru 


Co90FelO 


120 


460 



m^^mt)m:km<Dm!i^^^^xm\±m ii<^hc*± 101021 





11 mmmA 


12 


13 ^t^B 


Mfc^ Oe 


0?^ 


62 


N i Oq g a5nnO/C 0 


Rtl 


Co 


200 


500 


63 


N i Oq g (10raa)/C 0 


Ru 


Co 


17 0 


400 


64 


a-Feg O3 QSmO/Co 


Ru 


Co 


320 


640 


65 


a-Fe^ Og atanO/Co 


Ru 


Co 


28 0 


560 


66 


Pt 58Mn4 2(25™0/Co 


Ru 


Co 


210 


510 


67 


P t 58Mn4 2Cl5i»)/Co 


Ru 


Co 


150 


390 


68 


I r27Mn73a(^)/Co 


Ru 


Co 


80 


290 


69 


N i 53O47a5na0/C o90F e 10 


Ru 


Co90Fel 0 


250 


700 


70 


N 1 53O47a0nii)/C o90F e 10 


Ru 


Co90FelO 


190 


630 


71 


P t58Mn42(25ni)/Co90FelO 


Ru 


CogOFelO 


300 


710 


72 


P t52Mn48a5ra)/Co90Fel0 


Ru 


Co9 OFc 1 0 


2 10 


640 


73 


I r27Mn73aOi«)/Co90FelO 


Ru 


Co90Fe 1 0 


100 


360 


74 


I r27Mn73atoB)/Co90F elO 


Cr 


Co90Fe 1 0 


80 


280 



Ox X a-Fe2 03 . P t M n J: I r M n Mid^iSe [0 10 3] :Z(D X V ii^^M(DmfS.Xnmitmmm^m 

mx-^^Ztf}^t>:fy^otio NiMn. P dM mirhZt<DX^^mm<D^^f^^^y<^r::^m^^'^ 

n. FeMn. R hM n *3 J:r/R uM n Bg. Cr-&^^50 ^5 ^ ^ ;5S-et /^V>iggX*foo-Ct>. :*:li*§^^C*5V^T^^ 



25 

#Hua/i^/h^V^r ^{CJ: ^9. i^mt)Hc{zn\^. Hc> 
[01041 PtMn. NiMn. P d P t Mnfj: t*<D 

He >Hua(7)^#^«fcL. <i: LTffl V ^^ 

[0 10 5] w±(7)^^SM^^^{b@«^*Tm#-r5^^^ 10 

[0 10 61 *fc. mmmsxm^vfcx^kz^ m^m 

[01071 m:^m 4 (Dm:^mm^m<D J: 9 tc. s?*^ 

[0108] immm ? 5) m4 (Dm^nu^^n^u 
1 2 03 • T i cmwL^m\^\ ::.(Dmm±{cmn.iy 

KJig 2 ^ LT 2 /X mON i soF e 2Q^(D^lS^t 
/i-K5>#J:/nir;^(7)m. ^-y :y:/|^3 (^^A 1 2 O3 ^ii 

o8oPt2o(5nm) /R u (Inm) /C o 90F e io(3nin) / 

Cu(3nm) /C o 90F e io(3nm) /T a (5nm)^^^b 

r CO 1 1 (D^mi±mA<D^mt)ii c i:Hex* <^fe(^ 
mmmi t^cxh^o 30 

[0 10 9] MRJKoSasicJB^/Wr;^® 5SrSBSi--5 
r22Mn78 (I2nm) <t T a /C u/T a ^CO y — K 6 

5^^ttS?ituaiLfcI rMnO(a;6\ RhMn. RuR 
hMn. NiMn. PtMn. PdPtMn. CrMn 
P t <DXo^J:^^y<-(T^m^Uuai)^^+^{cmht\^^R 

[0 110] :^mmmxnR^m^m^m\^^x\.^^fz 40 

^«!;ll?aS^S3S«ttJ^OTB#aac7)^^^T'fc5 2 7 0 

[0 1 1 11 JeJl±O!>^-XNXS«0O*?. 
WLmiLXmm. ABS®OW®*rL. ;^ y-^ki-^S 50 



) 1*^2000-020926 

26 

[0 1 12] Z(7)Xoi^. iy=^>^?aS^fflVN 

[0 1131 ^<ommmx{iMRm<DmitmmmnTm 

[0 114] mcmsic^-rxoi^c^ R^m^m^x^ 

[0115] {^Mm 7 6 ) El 5 (om^.'mm^'^^^ 
t^A 1 2 03 • T i cs^s^^v^. 

— /l^KIK2 ^ bT2 MmON i soF e 2ol^CO^]Ki: i/-- 
/v K^SiJ:/i:iir;^com. ^-Y T^Ms (?:»A 1 2 O3 (70n 
ra)^ii^<?^^lg:/D^;^tcj:^^i5c:JKL. i r22Mn 

78 (20nin) sr^iK-r^o fsi^. KwmsLmnm'&x.ftL \ 

rMnOJa:6N RhMn. RuRhMn, NiMn, P 

tMn. PdPtMn. C r M n P t (D J: 9 ^c^^l^^^^T 

[01 16] -^(7)^:7;^ b^^i^y^^-^^r/u-kv^^ffllNT 

J^^^^fiJU. :iOTi^^fflV^T. C 090F eio(3nm) / 
Cu(3nin) / C o 90 F e 10 (3nin) /C r (lmn)/C oso 
Pt2o(5nm) /Ta(5nni) ^^JKbfCo ^^bt^lMRIK^ 
h:3Z:y^>'^:/n>tv^^STT a/C u/T a 
K6^j^JKL/Co ^ e3(c#ftMS^^Sg0'f|7 BcoTM 
^[5] emitter troi^Co rco^igtcJ: t). ±S 

[0 117] :i(7>^^>5^-> T;^^±g^f^MR]K 

[0 1 181 

im 1 1 ^^mcom^i&mjj^^y \'(o-mmwm(o 
mf&^7r^'tWxmmxi>^o 

[n 2 1 *^Bjo^^igtn:s!3^--iy h^<o{&(D-mmm 

mcomf^^^-tmmmx^^. 

[ma 1 :*:^PJ(^aMl£tn:^;!j;^-^2/ Ko^ ^tcftiiO- 
[114 1 :^^m(Om^t&tn.^m^iy Kco $ ^ l;^ftbO- 



> 



( 15 ) #^32000-020926 



1 mm. 

mil 



2. 9 ^^i/— /UK. 

3 . 8 m^^^ V •f^Y&^-fhu^wm/mm. 

5 m^UT^m. 

6 ••• y - K. 

7 MRig^, 

1 1 3t^14gA, 

1 2 M-g-S, 

1 3 3SlKtt«B, 

1 4 'pr^m. 

1 5 

1 6 mitmmm. 

1 7 R^mmmo 

m2] 



. / / / ) I 




( 16 ) 



iRfM 2000-020926 




(72)^P^# mm t,^ F^ — 2G017 ABOO AB05 ACOl AC04 AC06 

«^JIimjl|($m#EiBjl|BT72 m.^'^^M AC08 AC09 AD55 AD59 AD60 

^mmmmmp^ adss 

5D034 BA05 BA21 CA03 CA07 



earching PAJ 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 



dDPublication number : 2000-020926 
(43)Date of publication of application : 21.01^000 



r: 

(51)lnt.CL 




G11B 5/39 
601R 33/09 




(21)Application number 


: 10-185478 


(71)Applicant 


: TOSHIBA CORP 


(22)Date of filing : 


30.06.1998 


(72)lnventor : 


SAITO KAZUHIRO 








FUKUYA HIROMI 








SAITO AKIKO 








IWASAKI HITOSHI 


r- _ T.-.:: J ; : 






FUKUZAWA HIDEAKI 



(54) MAGNETORESISTANCE EFFECT HEAD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetoresistance effect 
head, in which the magnetization fixing process of a magnetization fixing 
layer is easy and the fixing of the magnetization is constant in a 
magnetoresistance effect head in which a giant magnetoresistance 
effect is used. 

SOLUTION: In a magnetoresistance effect head in which a huge 
magnetoresistance effect having at least one pair of a magnetization 
fixing layer 16 and a magnetization free layer 15 which are arranged 
with a nonmagnetic intermediate layer is used, the limiting magnetic 
field of the magnetization fixing of the magnetization fixing layer 16 is 
made equal to or larger than 200 Oe by antiferromagnetically coupling 
one pair of ferromagnetic layers 11, 13 whose compositions, and the 
coercive forces are different with each other with a coupling layer 12 in 
the magnetization fixing layer 16. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the magnetoresistance-effect head used for 

a magnetic disk unit 

[0002] 

[Description of the Prior Art] Roles with the main MR head which used the magnetoresistance-effect (MR effect) 
element for the head reproduction section are played in the densification of magnetic recording, and the MR head 
which used for the reproduction section the huge magnetoresistance-effect (GMR effect) element which raised the 
sensitivity of the MR effect element sharply for realizing high density further from now on is needed for It. 
[0003] As the conventional shielded type MR head using the GMR effect is shown in drawing 8 , on the substrate 1 
which consists of aluminum 203, TiC, etc., the bottom magnetic-shielding layer 2 which consists of soft-magnetism 
films, such as a permalloy, is formed. On this magnetic-shielding layer, the MR film 4 (spin bulb) is through the 
insulator layer 3 which constitutes a reproduction magnetic gap. There are the so-called magnetization free layer 15 
which carries out magnetization rotation according to a signal magnetic field, an interlayer 14, and a magnetization 
fixing layer 16 in MR film, and magnetization has fixed the magnetization fixing layer 16 by the antiferromagnetism 
layer 1 7. And the vertical bias film 5 of couples, such as CoPt, which generates a bias magnetic field on both sides of 
MR film in order to form magnetization of the magnetization free layer 15 into a single magnetic domain, and lead 6 
are arranged, and the magnetoresistance-effect element (it is hereafter described as MR element) 7 of an APATTO 
junction method is constituted. The insulator layer 8 which constitutes a reproduction magnetic gap further, and the 
upper magnetic shielding 9 are arranged at the MR element 7. In such a shielded type MR head, detection of a signal 
magnetic field passes sense current to the lead 6 of a couple, and is performed by measuring resistance change of 
the film accompanying change of the average magnetization direction of the MR film 5. 

[0004] Conventionally, as for MR film using the GMR element, the spin bulb film is used, and the basic composition is 
a magnetization free layer / nonmagnetic interlayer / magnetization fixing layer. The laminating of the 
antiferromagnetism layer is carried out to this magnetization fixing layer, and it has become a magnetization fi^eedom 
layer / nonmagnetic interlayer / magnetization fixing layer / antiferromagnetism layer, and fixing of magnetization is 
made when a magnetization fixing layer carries out switched connection through an interface with an 
antiferromagnetism layer. 

[0005] In MR film using the GMR element, in order to secure the alignment response field of magnetization of a 
magnetization free layer, it is necessary to make magnetization of a magnetization free layer in case there is no 
magnetic field, and magnetization of a magnetization fixing layer into an abbreviation right angle. For that, a heat 
treatment process is used. If an example of this heat treatment process is shown, after giving an induced magnetic 
anisotropy to a magnetization free layer and a magnetic-shielding layer near 250 degree 0, applying a magnetic field, 
the 90 degrees of the directions of a magnetic field are rotated to a GMR film, and it cools towards the 
magnetization fixing direction of a magnetization fixing layer. By magnetizing a hard magnetism layer in the 
magnetization free layer after heat treatment, a bias magnetic field is given and generating of a Barkhausen noise is 
suppressed. 

[0006] However, in MR film and the MR head using the above-mentioned GMR element if the blocking temperature 
(it is hereafter described as TB) of an antiferromagnetism layer is highly designed in order to raise the stability of a 
magnetization fixing layer, although the stability of a magnetization fixing layer increases, hot heat treatment will be 
needed for fixing of the magnetization fixed bed, consequently the induced-magnetic-anisotropy grant to a 
magnetization free layer or a magnetic-shielding layer will become inadequate. 

[0007] On the other hand, if TB is set up low, since the induced-magnetic-anisotropy grant to a magnetization free 
layer or a magnetic-shielding layer does not have the enough stability of a magnetization fixing layer of what is made, 
to the more than temperature rise at the time of operation of a head, for example, 100 degrees C, fixing of 
magnetization will be lost and the output of a head will decline. 

[0008] Moreover, the problem that the flux reversal of the magnetization fixing layer by the low and static electricity, 
i.e., pin reversal, will arise also has TB, and this affects the manufacture yield in manufacture of an element, or the 
assembly of a disk drive. Thus, with the conventional composition, difficulty was in the setup of TB. 
[0009] On the other hand, the GMR film composition which forms a magnetization fixing layer in a hard magnetism 
layer directly, and the GMR film composition which fixes a magnetization fixing layer in a hard magnetism layer are 
already known. By carrying out like this, heat treatment can perform induced-magnetic-anisotropy grant of a 
magnetization free layer or a magnetic-shielding layer, and a magnetization fixing layer can be fixed by magnetization 
at a room temperature. However, with such composition, since the leakage magnetic field from a hard magnetism 
layer becomes large, unless a bias point setup is difficult and moreover enlarges coercive force of a hard magnetism 
layer like the time of using the antiferromagnetic substance, a record magnetic field ****** fixing layer moves, and 
an output does not come out. 
[0010] 

[Problem(s) to be Solved by the Invention] As mentioned above, if it depends for the stability of the magnetization 
fixing layer of MR film using the GMR element on TB of an antiferromagnetism layer greatly and TB is designed 
highly, although the stability of a magnetization fixing layer increases, elevated^emperature heat treatment of an 
antiferromagnetism layer will be needed, and the magnetic-anisotropy grant of a shield layer or a magnetization free 
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layer by heat treatment will become difHcult. On the other hand, although anisotropy grant of a shield layer or a 
magnetization free layer will become easy if TB is designed low, since the stability of a magnetization fixing layer 
runs short, it becomes the cause of the fall of a head output, or a fall of the head manufacture yield. 
[0011] this invention copes with the trouble of such the conventional technology, and is made, and it is strong and it 
aims at offering the magnetoresistance-effect head which does not cause the manufacture yield fall by static 
electricity generating to static electricity, without the magnetic-anisotropy grant by heat treatment of the 
magnetization free layer of MR film using the GMR element producing an excessive bias magnetic field in a 
magnetization free layer, and making a setup of the bras point difficult easily. 
[0012] 

[Means for Solving the Problem] As indicated to the claim 1 , the 1 st magnetoresistance-effect head of this invention 
In the magnetoresistance-effect head using the huge magnetization resistance effect film which has been arranged 
through a nonmagnetic interlayer and which has the magnetization fixing layer and magnetization free layer of a 
couple at least It comes to carry out antiferromagnetism combination of the ferromagnetic layer of the couple from 
which coercive force differs through a binder course, and the aforementioned magnetization fixing layer is 
magnetization fixing marginal magnetic field Hex* of the aforementioned magnetization fixing layer. It is the 
magnetoresistance-effect head characterized by the bird clapper, being used as 200 or more Oes at a room 
temperature. 

[001 3] The typical cross section of a magnetoresistance-effect head showing the gestalt of 1 operation of this 
invention is shown in drawing 1 . The nonmagnetic insulator layer in which a substrate, and 2 and 9 form magnetic 
shielding in. and. as for 3 and 8. a sign 1 forms a magnetic gap in drawing 1 , 4 is MR film and 5 is a vertical bias 
layer. The laminating or hard magnetism layer of a ferromagnetic layer and an antiferromagnetism layer. For the 
binder course to which in 6 MR element and 11 carry out the ferromagnetic layer A, and. as for 12, a lead and 7 
carry out antiferromagnetism combination of the ferromagnetic layer A and the ferromagnetic layer B. and 13, as for 
an interlayer and 15, the ferromagnetic layer B and 14 are [ a magnetization free layer and 16 ] magnetization fixing 
layers. Although not elsewhere shown in drawing, it is desirable to prepare ground films, such as Ta, in the middle of 
the ferromagnetic layer A1 1 and the magnetic cap 3, and it is desirable to prepare protective coats, such as Ta, on 
the magnetization free layer 1 5. 

[0014] In the composition of this invention, the ferromagnetic Al 1 and ferromagnetic B13 of a couple which carried 
out antiferromagnetism combination are used for the magnetization fixing layer, and the magnetization in the 
magnetization fixing layer 16 is fixed by the coercive force of these ferromagnetics, and antiferromagnetism 
combination. For this reason, unlike what the ferromagnetic has fixed by combination with the antiferromagnetic 
substance, fixing of a magnetization fixing layer can be performed by impressing a magnetic field at a room 
temperature, and can be performed easily. For this reason, as a heat treatment process, since what is necessary is 
to just be aimed only at a magnetization free layer and a magnetic-shielding layer, condition selection becomes very 
easy compared with the former. 

[0015] It sets to this invention and is magnetization fixing marginal magnetic field Hex*. When decreasing it after 
raising the magnetic field strength impressed to MR film until magnetization once reaches saturation mostly as 
shown in drawing 6 , the value of the magnetic field of the limitation which fixes in magnetization of a magnetization 
fixing layer and is lost in resistance change is expressed, and this is carried out as the magnetization fixing marginal 
magnetic field of a magnetization fixing layer. 

[0016] And it is magnetization fixing marginal magnetic field Hex* by controlling the vaiue of the balance of 
antiferromagnetism combination of the ferromagnetic layer of the couple of a magnetization fixing layer, or the 
coercive force of a ferromagnetic layer by the above-mentioned composition in this invention. It can be set as 200 
or more Oes, and a stable magnetization fixing layer can be constituted. 

[001 7] Since a material maintainable to temperature with the coercive force of the ferromagnetic layer of a 
magnetization fixing layer higher than the blocking temperature of the conventional antiferromagnetic substance can 
be chosen according to this invention, it is stronger than before to static electricity, and can be made what pin 
reversal does not produce. 

[001 8] Moreover, since the magnetization fixing layer consists of ferromagnetic layers of the couple which carried 
out antiferromagnetism combination and mutual magnetization can be negated mutually, it can prevent the magnetic 
field from a magnetization fixing layer attaining to a magnetization free layer, and giving an unnecessary bias 
magnetic field. For this reason, the bias point design of a head becomes easy. 

[0019] In the magnetoresistance-effect head of this invention, composition differs mutually and the ferromagnetic 
layer of the couple which forms a magnetization fixing layer and which comes to carry out antiferromagnetism 
combination can be constituted, as indicated to the claim 2. 

[0020] In the magnetoresistance-effect head of this invention, as indicated to the claim 3, even if there are few 
metals which make Co a principal component, metals which make Fe a principal component, or metal layers which 
make nickel a principal component as one [ at least ] magnetic layer of the magnetic layer of the couple which forms 
a magnetization fixing layer, any one sort of metal layers can be used. And as indicated to the claim 4, the metal 
layer which contains Co more than 50 atom %, and contains at least one sort chosen from the element of Pt, Cr, and 
Ta as remaining components can be used preferably. 

[0021] As a metal which makes Above Co a principal component, the metal which made the principal component Cox 
A 100-x (at least one sort which is x>=50, and by which A was chosen from the element of Pt, Sm, Ce, La, Y, Fe, Cr, 
V. Ti, Ta, W, Zr, Nb. Hf, Mo, aluminum, and nickel here), for example can be mentioned. Moreover, as a metal which 
makes Above Fe a principal component, the metal which made the principal component Fex A 100-x (at least one 
sort which is x>=50, and by which A was chosen from the element of Co, Cr, Pt. nickel, Y, V, Ti, Ta, W. Zr, Nb, Hf, Mo, 
and aluminum here), for example can be mentioned. Moreover, in the magnetoresistance-effect head of this 
invention, the oxide ferromagnetic indicated to the claim 5 or the nitride ferromagnetic indicated to the claim 6 can 
be used as a ferromagnetic of the magnetic layer of the couple which forms a magnetization fixing layer. 
[0022] As such an oxide ferromagnetic, it is chemical formula MO-X 203 (it Fe(s) X here). At least one sort and M 
which are chosen from Co. Mn, and Cr Mn. Fe. Co. There are a spinel ferrite shown by at least one sort chosen from 
nickel. Cu, Zn. and Mg and a magnetoplumbite type ferrite shown by chemical formula ZO-Fe 203 (at least one sort 
by which Z is chosen from Ba. Sr. calcium, and Pb here). Moreover, as a nitride ferromagnetic, various kinds of 
nitride ferromagnetics, such as a compound which contains boron in nitriding iron, or nitriding cobalt and nitriding 
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iron, can be used. 

[0023] As indicated to the claim 7, the^ 2nd magnetoresistance-effect head of this invention In the 
magnetoresistance-effect head using the huge magnetization resistance effect film which has been arranged through 
a nonmagnetic interlayer and which has the magnetization fixing layer and magnetization free layer of a couple at 
least The monostromatic which the aforementioned magnetization fixing layer consists of a ferromagnetic layer of 
the couple which carried out antiferromagnetism combination through the binder course, and is chosen fi^om the 
fen'omagnetic layer of the aforementioned couple It is the magnetoresistance-effect head characterized by being 
the hard magnetic film which has the bi-crystal structure which is formed on a crystalline metal substrate and 
contains Co as a composition element. 

[0024] Since bi-crystal structure is the structure where sub crystal grain exists in the main crystal grain, in this 
invention, and c axis exists in a field, and the c axis of sub crystal grain has become about 90 degrees mutually and 
sub crystal grain functions as a magnetic particle unit, high coercive force can be obtained in the bi-crystal 
structure of Co system magnetic film. 

[0025] As indicated to the claim 11, the crystalline metal-substrate film of the hard magnetic film which has the 
bi-crystal structure which contains Co as a composition element in the magnetoresistance-effect head of this 
invention The thing containing at least one sort of elements chosen fi'om the element of Cr, V, Ti, Ta. W, Zr, Nb, Hf. 
Mo, and aluminum is desirable, and as indicated to the claim 12. that to which the body center cubic crystal is 
carrying out the crystalline metal-substrate film abbreviation <200> orientation is used preferably. And as indicated 
to claims 8 and 9, between a crystalline metal-substrate film and a nonmetallic ground, it has an amorphous layer or 
a mixing layer, a crystalline metal-substrate film is formed, and its bird clapper is desirable. 

[0026] In the magnetoresistance-effect head of this invention, as a nonmetallic ground for forming the crystalline 
metal-substrate film of the hard magnetic film which has the bi-crystal structure which contains Go as a 
composition element, as indicated to the claim 1 0, the oxide or nitride containing aluminum is used preferably. 
[0027] As indicated to the claim 1 3, the 3rd magnetoresistance-effect head of this invention In the 
magnetoresistance-effect head using the huge magnetization resistance effect film which has been arranged through 
a nonmagnetic interlayer and which has the magnetization fixing layer and magnetization free layer of a couple at 
least The aforementioned magnetization fixing layer has the ferromagnetic layer of the couple which comes to carry 
out antiferromagnetism combination through a binder course, to the monostromatic of the ferromagnetic layer of the 
aforementioned couple The oxide layer which makes a principal component at least one sort of elements among 
nickel, Co, and Fe, The laminating of at least one sort of coercive force increase layers chosen from the metal layer 
containing Mn and the metal layer which makes Cr a principal component is carried out, and it comes to consider as 
a laminated structure, the ratio of the coercive force He in the ferromagnetic layer which has the aforementioned 
laminated structure, and the exchange bias magnetic field in this ferromagnetic layer by the aforementioned coercive 
force increase layer — He/Hex It is the magnetoresistance-effect head which is set up more greatly than 1 and is 
characterized by the bird clapper including the case where the exchange bias magnetic field Hex is substantially set 
to Hex=0. 

[0028] In this invention, a magnetization fixing layer can be further stabilized by carrying out the laminating of the 
layer which has the effect of increasing coercive force, i.e., the coercive force increase layer, to the ferromagnetic 
layer of the couple which comes to carry out antiferromagnetism combination. 

[0029] As indicated to the claim 14, thickness as the aforementioned coercive force increase layer in the 
magnetoresistance-effect head of this invention NiO 20nm or less. As at least one sort chosen from the cascade 
screen of CoO, and NiO and CoO was indicated to the layer made into a principal component, and the claim 15 The 
layer which makes a principal component Zx Mn 100-x (at least one sort by which Z is chosen from the element of 
nickel, Pt, and Pd here) is used preferably, and it is Zx Mn 100-x. Layer thickness is 15nm or less preferably, as 
indicated to the claim 1 6. 

[0030] Moreover, as indicated to the claim 17, the layer which makes a principal component AX MnlOO-X (at least 
one sort by which 40 or less [ 0 or more ] and A are chosen for x from the element of Ir, Fe, Rh, Ru, Pt, Pd, and 
nickel here) is preferably used as a coercive force increase layer of this invention. And the desirable thickness is 
5nm or less, as indicated to the claim 1 8. 

[0031] Moreover, as indicated to the claim 19, thickness is alpha-Fe 203 20nm or less as a coercive force increase 
layer of this invention. The layer made into a principal component is used preferably. 

[0032] As are furthermore indicated to the claim 20. and Cr alloy layer was used preferably and the desirable 
thickness was indicated to the claim 21 as a coercive force increase layer of this invention, it is 20nm or less. 
[0033] As a Cr alloy used as a coercive force increase layer of this invention, the thing containing at least one sort 
of elements of aluminum. Mn. Cu, Pt, Pd, Ag, Au. Ir. Rh, Ru. V. Fe, Co. nickel, Ga, and In can be used. 
[0034] As indicated to the claim 22. the 4th magnetoresistance-effect head of this invention In the 
magnetoresistance-effect head using the huge magnetization resistance effect film which has been arranged through 
a nonmagnetic interlayer and which has the magnetization fixing layer and magnetization free layer of a couple at 
least It comes to arrange the vertical bias layer using the antiferromagnetism layer which removes a Barkhausen 
noise in the aforementioned magnetization free layer to the ends of the width of recording track The aforementioned 
magnetization fixing layer is a magnetoresistance-effect head which it consists of a ferromagnetic layer of the 
couple which comes to carry out antiferromagnetism combination through a binder course, and magnetization fixes 
below 200 degrees C, and is characterized by the bird clapper. 

[0035] Simultaneously with stabilization of the output by stabilization of a magnetization fixing layer, low 
noise-ization can be carried out by combining the antiferromagnetism layer which removes a Barkhausen noise in a 
magnetization free layer in the invention in this application. 

[0036] As the magnetoresistance-effect head which combined with the magnetization free layer of this invention the 
antiferromagnetism layer which removes a Barkhausen noise was indicated to the claim 23, it is magnetization fixing 
marginal magnetic field Hex* of a magnetization fixing layer. It is desirable that they are 200 or more Oes at a room 
temperature, moreover, it indicated to the claim 24 — as — the ferromagnetic layer of the couple of a magnetization 
fixing layer — much more — being alike — the ratio of the coercive force He of the ferromagnetic layer to which 
the coercive force increase layer could be prepared and the laminating of the magnetization fixing layer was carried 
out, and the exchange bias magnetic field in this ferromagnetic layer by the aforementioned coercive force increase 
layer — it is desirable that He/Hex is set up including the case where the exchange bias magnetic field Hex is 
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substantially set to Hex=0, more greatly 

[0037] Moreover, in the magnetoresistance-efFect head which combined with the magnetization free layer of this 
invention the antiferromagnetism layer which removes a Barkhausen noise, it is desirable that it is the hard magnetic 
film which has the bi-crystal structure which the monostromatic of the ferromagnetic layer of the aforementioned 
couple is formed on a crystalline ground as indicated to the claim 25, and contains Co as a composition element. 
[0038] Moreover, in the magnetoresistance-effect head which combined with the magnetization fi^ee layer of this 
invention the antiferromagnetism layer which removes a Barkhausen noise* sensitivity can be raised by carrying out 
the abbreviation rectangular cross of the sense of magnetization of the aforementioned magnetization fi^ee layer and 
the aforementioned magnetization fixing layer, as indicated to the claim 26. 

[0039] As mentioned above, since the magnetization fixing layer of the MR head of this invention consists of a 
ferromagnetic layer of the couple from which the coercive force which carried out antiferromagnetism combination 
differs, the magnetization direction fixes it stably. 
[0040] 

[Embodiments of the Invention] The gestalt of operation of the invention in this application is explained in detail 
based on an example below. 

[0041] (Example 1) The magnetoresistance-efFect head which has the typical cross section shown in drawing 1 was 
produced. 

[0042] After performing nickel80Fe20 of 2-micrometer **, membrane formation of the magnetic-shielding film 2, and 
a shield division process on aluminum2 03 and the TiC substrate 1, aluminum 203 of the gap film 3 Membranes are 
formed according to the usual membrane formation process, this ground is used, and they are Co80Pt20 
(5nm)/Ru(1nm)/Co90FelO (3nm)/Cu (3nm)/Co90Fe10 (3nm) / Ta (5nm). MR film was formed 

[0043] In this MR film, Co80Pt20 (5nm)/Ru (1nm)/Co90Fe10 (3nm) is a magnetization fixing layer which consists of 
ferromagnetic layer Al 1 / a 1 2/ferromagnetism layer B13 of binder courses, respectively, and up-and-down 
ferromagnetic layers differ in composition and coercive force. And the thickness of Ru layer is set up so that 
switched connection of the up-and-down ferromagnetic layer may be carried out in antiferromagnetism. Not only Ru 
but Cr, Rh, Ir, etc. can be used for this binder course 1 2. 

[0044] If change by the magnetic field of resistance is measured about the above-mentioned MR film 4 which has 
the magnetization fixing layer of such a laminated structure, the curve which shows the relation between the 
magnetic field of drawing 6 and resistance will be obtained. In addition, the state of magnetization of the 
magnetization free layer in each part on a curve and a magnetization fixing layer is typically shown in drawing 6 . 
[0045] although an external magnetic field is small and magnetization of each class of a magnetization fixing layer 
hardly moves by I and II in drawing 6 — a certain magnetic field Hex* or — more than Hex'* — magnetization of a 
magnetization fixing layer — large — moving — a magnetic field — HS Magnetization reaches saturation mostly in 
IV to attain. And Hex'* and Hex* A big hysteresis occurs in the magnetic field which exceeds. 

[0046] It sets on MR film and is Hex*. A value can be used in the field which does not have a hysteresis as an MR 
head, if it is set as 200 or more Oes. 

[0047] That is, a magnetization free layer and the ferromagnetic layer B operate as a spin bulb film, the sense [ layer 
/ ferromagnetic / B ] of magnetization changes even to parallel, and a big resistance change is obtained by the 
magnetization rotation of a magnetization free layer according to the magnetic field of a record medium. 
[0048] Hex* of MR film When a value does not fulfill 200Oe(s), a magnetization fixing layer Is influenced of the 
magnetic field of a medium etc.. and has a possibility that stability may run short. 
[0049] It sets to this example and is Hex*. Values were 400Oe(s). 

[0050] Now, pattern formation was performed for the MR film 31 which formed membranes as mentioned above 
through the photo etching process, the lead 6 of the vertical bias layer 5, Ta/Cu/Ta, etc. was formed, and the 
ABATTO junction was formed. This vertical bias layer 5 may consist of hard magnetism layers besides the laminating 
of an antiferromagnetism film and a ferromagnetic. 

[0051] In this case, there are NiMn, PtMn, IrMn, RhMn, CrMnPt, etc. in an antiferromagnetism film, there are NiFe. 
CoFe, CoNi, NiFeCoFe, nickel, etc. in a ferromagnetic layer, on the exchange bias of an antiferromagnetism film, 
magnetization fixing is carried out and a ferromagnetic layer is made hard. In addition, a ferromagnetic layer has a 
desirable material of the same saturation magnetization as a magnetization free layer in order to avoid the 
Barkhausen noise by the discontinuity of magnetization. 

[0052] In using a hard magnetism layer, there are CoPt, CoCr, CoPtCr. etc. Since big coercive force is desirable, it is 
desirable to use Cr layer as a ground layer, for example. 

[0053] In this example, Co90FelO (5nm) / Pt50Mn50 (30nm) was used for the vertical bias layer 5. 
[0054] Furthermore, as shown in drawing 1 , after forming the gap layer 8 and the shield layer 9 and usually 
considering as MR head structure according to a process, for stabilization of the magnetization free layer of MR film, 
a magnetic-shielding layer, and a vertical bias layer, the magnetic field of 5kOe(s) was impressed to the direction of 
the head width of recording track, i.e., the longitudinal direction of drawing 1 , and 270 degrees C and heat treatment 
of 3 hours were performed. Next, the magnetic field of 5kOe(s) was impressed in the direction, i.e., the direction 
perpendicular to the space of drawing 1 , perpendicular to a magnetic disk and the head side (ABS side) which 
counters, and the magnetization fixing layer was magnetized. 

[0055] Although fixing temperature can be performed below 200 degrees C, low temperature is desirable as much as 
possible. At this example, magnetization was fixed at the room temperature. 

[0056] The magnetic head was produced by cutting a wafer, grinding a ABS side and slider-izing after the above 
wafer process. 

[0057] Then, the head of example ** of comparison with an example 1 which has the conventional membrane 
structure of drawing 8 for comparison was produced. 

[0058] As a MR layer of the example of comparison, they are Ta (5nm)/nickel80Fe20 (7nm)/Co90FelO (1.5nm) / Cu 
(3nm). /Co90FelO (2nm) / Ir22Mn78 (7nm) / Ta (5nm) was formed and used. TB of antiferromagnetism film 
Ir22Mn7810 controlled thickness, set it as 250 degrees C, and formed the APATTO junction. 

[0059] The heat treatment process was cooled to the room temperature towards the perpendicular direction to the 
field which performs maintenance of 3 hours at the temperature of 250 degrees C near TB first in the magnetic field 
of 5kOe(s) of the direction of the width of recording track, and counters through the sense of a magnetic field after 
that. The magnetic field was impressed in the direction of the width of recording track at the room temperature after 
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heat treatment, and PtMn which is the vertical bias layer 5 was magnetized. 

[0060] As a result of an example 1 and the example of comparison carrying out MR head comparison, for an example 
1, it is private seal to excel in the stability over static electricity generated in the cases, such as the magnetic 
head and an assembly process of a magnetic disk drive. That is» although the trouble of pin reversal was accepted by 
static electricity in the case of the MR head of the conventional type of the example 1 of comparison, pin reversal 
was not generated in the example 1 . Although fixing of a magnetization fixing layer is made by the antiferromagnetism 
layer and the stability over a temperature rise receives restrictions by TB in the example of comparison, since a 
ferromagnetic layer or the coercive force which it has is participating in fixing of a magnetization fixing layer, stability 
can be maintained to higher temperature in the example 1 of this invention, 

[0061] In addition, in the example 1. the CoFe alloy layer was used as a ferromagnetic layer B of a magnetization 
free layer and a magnetization fixing layer. Moreover, although the following examples also describe the example 
using the CoFe alloy layer in order to avoid the magnetic layer used for this invention is not limited to a CoFe 

alloy layer, and various composition, such as Co layer, a NiFe alloy layer, a NiFeCo alloy layer, or a laminating of 
CoFe/NiFe, is possible for it 

[0062] (Example 2) The magnetoresistance-effect head which has the structure shown with the typical cross 
section of drawing 2 was produced. 

[0063] After forming nickel80Fe20 and the magnetic-shielding film 2 of 2-mlcrometer *♦ and performing a shield 
division process on alumlnum2 03 and the TiC substrate 1, aluminum 203 of the gap film 3 Membranes are formed 
according to the usual membrane formation process. This ground is used and they are Au (1nm)/Cu (lnm)/Ta 
(5nm)/Co90Fel0 (3nm)/Cu (3nm)/Co90FelO (3nm)/Cr (lnm)/Co80Pt20 (5nm) / Ta (5nm). Membranes were formed 

[0064] In this MR film, respectively. Co90Fe10 (3nm)/Cr (1nm)/Co80Pt20 (5nm) is a magnetization fixing layer which 
consists of ferromagnetic layer B13 / a 1 2/ferromagnetfsm layer All of binder courses, and that of the point that 
up-and-down ferromagnetic layers differ in composition and coercive force is the same as that of an example 1 . Or 
** is set up so that the sense of magnetization of a two-layer ferromagnetic layer may carry out antiferromagnetism 
combination through Or. Ru. Rh. Ir, etc. besides Or can be used for this binder course 1 2. 

[0065] In this example, the coercive force of the ferromagnetic layer Al 1 is 80Oe(s). and it is Hex* of MR film. 
320Oe(s) were obtained as a value and stability was secured. 

[0066] The same process as an example was performed to this MR film, the magnetic head was produced, and the 
same result as an example 1 was obtained. 

[0067] From this result, when the magnetization fixed bed was prepared in the upper layer, it was checked every 
topspin bulb structure, i.e., a top, that the same result as the bottom spin bulb structure at the time of preparing in a 
lower layer also in structure is obtained. Moreover, it was checked that it is effective also in the dual spin bulb 
structure where the upper layer and the lower layer were doubled from this. 

[0068] (Example 3) Compared with MR film of an example 1, it is the magnetization fixed bed of MR layer. The 
thickness ratio of ferromagnetic layer All / 1 2/ferromagnetlsm layer B13 of binder courses is changed, and it is 
Co80Pt20 (5nm)/Ru (lnm)/Co90Fe10 (2.5nm). Co80Pt20 (5nm)/Ru (lnm)/Co90Fel0 (4nm) They could be two kinds. 
By carrying out like this, the value of the saturation magnetization x thickness of the ferromagnetic layer Al 1 and 
the value of the saturation magnetization x thickness of the ferromagnetic layer B13 were not made equal, but were 
changed for a while. 

[0069] Consequently, the coercive force of the ferromagnetic layer Al 1 is set to 100, and is Hex*. The value was 
set to 300Oe(s), and although It was with the somewhat small value compared with the case of an example 1, it was 
shown that stability is secured as a MR film for magnetoresistance-effect heads. 

[0070] Thus, although the value of the saturation magnetization x thickness of the ferromagnetic film of the couple 
in a magnetization fixing layer which carried out antiferromagnetism combination may be made equal, you may make 
it differ for a while. 

[0071] By increasing the saturation magnetization x thickness of the ferromagnetic layer B13 especially, the design 
of the bias point can be optimized by passing in the direction in which the ferromagnetic layer Al 1 stabilizes MR 
sense current to the magnetic field by current. 

[0072] (Examples 4-12) It considers as form of preparing the magnetization fixed bed in the side near every bottom, 
i.e., a substrate, as well as an example 1, and the result of the examples 4-12 using Co alloy film as a ferromagnetic 
layer Al 1 is shown. 
[Table 1] 
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It is Hex* when Co alloy film is used for one side of the ferromagnetic layer of the couple which constitutes the 
magnetization fixed bed and which carried out antiferromagnetism combination from the result of a table. The value 
large enough was shown and it was shown as a MR film of a magnetoresistance-effect head that stability is secured. 
[0073] It sets to Cox A 100-x (x>=50) similarly, and they are A=Pt and Sm, Ce. La. Y, Fe. Cr. V. Ti and Ta. W. Zr. Nb. 
Hf, Mo, aluminum, and nickel have been used. 

[0074] (Examples 13-19) The result of the examples 13-19 using Co alloy film as a ferromagnetic layer A1 1 is shown 
in form of preparing the magnetization fixed bed in a far. every top, i.e., a substrate, side as well as an example 2. 
Table 2] 
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8 0 


280 


19 


CoSOP t 2 0 


Cr 


NI 80Fe20 


80 


310 



It is Hex* when Co alloy film is used for one side of the ferromagnetic layer of the couple which constitutes the 
magnetization fixed bed and which carried out antiferromagnetism combination like the case where the magnetization 
fixed bed is prepared in the side near a substrate from the result of a table when the magnetization fixed bed is 
prepared in a side far from a substrate. The value large enough was shown and it was shown as a MR film of a 
magnetoresistance-effect head that stability is secured. 

[0075] Each above-mentioned example is an ABATTO junction type MR head, this invention can also apply a hard 
magnetism layer to structure every [ which was put on MR film ] bottom of hard, as shown in the typical cross 
section of drawing 3 . Next, the example is described. 

[0076] (Examples 20 and 21) The magnetoresistance-effect reproduction section shown with the typical cross 
section of drawing 3 aluminum2 03 and a TiC substrate are used, as a magnetic-shielding film 2 on this substrate 
After membrane formation of nickel80Fe20 2-micrometer film, and a shield division process, aluminum 203 of the 
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gap film 3 Membranes are formed according to the usual membrane formation process, and as shown in drawing 3 , 
the hard magnetism layer 5 of Cr (5nm)/Co80Pt20 (25nm) is formed. Pattern formation divides after that through a 
photo etching process, this ground is used, and they are Co90Fe10 (3nm)/Cu (3nm)/Co90FelO(3nm)/Cr 
(1nm)/Co80Pt20 (5nm) / Ta (5nm). MR film was formed. 

[0077] According to structure, every bottom of this of hard, unlike an ABATTO junction, since the touch area of the 
hard magnetism layer 5 and a magnetization free layer is large, sufficient bias effect is acquired. 
[0078] in addition, since the magnetization fixed bed was found although the same effect was acquired even if the 
same effect was acquired and there was a difference in the bias structure of a magnetization free layer also by the 
structure of every top also with the structure of every bottom as it already became whether to be Ming in the 
examples 4-19, the following examples take up the thing of one structure of these — it was made things In addition, 
bias structure was made into the ABATTO junction anti-strong magnetic layer length bias of the same drawing 1 as 
an example 1. 

[0079] Table 3 showed the result at the time of using Fe alloy and nickel alloy film as a ferromagnetic layer Al 1 of 
the magnetization fixed bed with this structure. 



0080] 
Table 3] 




1 1 mmmh 


12 ^SUtttt 




flStt^ Oe 


0^ 


2 0 


Fc85Col5 


Ru 


CoOOFe 1 0 


55 


2 5 0 


2 1 


Fe85Mnl2Ti 3 


Ru 


Co90Fe 1 0 


100 


4 00 



similarly, it turns out that Fe alloy and nickel alloy of Fex A 100-x (here — x>=50 and A — at least one sort of Co. 
Cr, Pt, nickel, Y, Mn. V, Ti, Ta, W, Zr, Nb. Hf, Mo, and aluminum) are effective in the ferromagnetic layer All 
Moreover, as an antiferromagnetism switched connection layer 1 2, it turns out that a Hex* value suitable when **** 
is used is acquired, and the stability of MR film is acquired in Ru and Cr. 

[0081] Moreover, it turns out as a ferromagnetic layer B13 that a CoFe system and a NiFe system alloy film can be 
used. 

[0082] In addition, if it considers as the ferromagnetic switched connection layer 12, Rh, Ir. etc. are selectable and it 
is also possible as a ferromagnetic layer 813 to choose a NiFe system alloy film etc. 

[0083] (Examples 22-25) The case where the spinel ferrite which is an oxide ferromagnetism layer is used as a 
ferromagnetic layer Al 1 like a previous example is shown in Table 4. From the result of a table, a good effect is 
acquired by using the spinel ferrite which is an oxide ferromagnetism layer as ferromagnetic layer 1 1 A. 
:0084] 
Table 4] 



mm 


1 1 mtntMA 


12 KWSi^ 


13 SiSttflB 


Wfl* Oe 


H * 
0^ 


22 


MnF eg 0^ 


Hu 


CoBOF elO 


50 


2 1 0 


2 3 




Ru 


CoSQF elO 


100 


380 


24 


CoF eg 0^ 


Ru 


Co90F elO 


150 


420 


26 


Nl Feg 0^ 


Ru 


CoSOFelO 


52 


220 
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the same — MO-X 203 (X is at least one sort of Fe, Co, Mn, and Cr, and M is at least one sort of Mn, Fe, Co, nickel, 
Cu, Zn, and Mg) — it turns out that composition is usable 

[0085] (Examples 26 and 27) The result at the time of using the magnetoplumbite type ferrite which is an oxide 
ferromagnetism layer, and ZO and 6Fe 203 (Z being at least one sort in Ba, Sr, calcium, and Pb) as a ferromagnetic 
layer A1 1 like a previous example is shown in Table 5. 

[0086] From the result of a table, by using the magnetoplumbite type ferrite which is an oxide ferromagnetism layer 
as a ferromagnetic layer 1 1 showed that a good effect was acquired. 
0087] 

Table 5] 





1 1 SttttHA 


12 msmt 


13 iMan^flB 


mth Oe 




26 


BaO • 6 F eg Og 


Ru 


Co90F elO 


12 0 


410 


27 


S rO • SFCg Og 


Ru 


Co90P elO 


130 


430 



(Example 28) Table 6 shows the case where nitriding iron is used for the ferromagnetic layer B of a magnetization 
fixing layer. Table 5 showed that a good effect was acquired by using nitriding iron. 
0088] 

Table 6] 





11 ^sm&mA 


12 smmt 


13 mmmB 


^1903 Oe 




28 




Ru 


CoBOFelO 


55 


230 



Next, the example using Go and Co alloy of bi-crystal structure is shown. The magnetoresistance-effect 
reproduction section uses aluminum2 03 and a TiC substrate. (Examples 29-44) It is nickel80Fe20 (2 micrometers) 
of the magnetic-shielding film 2 on this substrate, aluminum 203 (70nm) of the nonmetallic ground layer which is an 
after [ a shield division process ] gap layer is formed. This ground is used and they are Cr (5nm)/Co (bi-crystal 
structure) (3nm)/Ru (lnm)/Co (3nm)/Cu (3nm)/Co90Fe10 (3nm) / Ta (5nm). MR film was formed. Others used the 
same structure as an example 1 . 

[0089] MR film is explained in detail here. Cr layer Is lower aluminum 203. It consists of a mixed reaction layer and a 
crystal layer of the bcc structure on it. By suitable pre cleaning (the moderate activity aluminum is made eluted on a 
front face) of 20aluminum3 ground before Cr membrane formation. It is amorphous Cr and amorphous aluminum 203. 
If a mixing reaction layer Is formed, the crystal layer which carried out Cr on it <1 10> orientation is formed, and, as a 
result, the ferromagnetic layer A on It can be cut in bi-crystal structure at least As a result, the coercive force of 
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the ferromagnetic layer A serves as 70Oe(s) more greatly than the ferromagnetic layer B of 13. For this reason, it 
turns out that 280Oe(s) are obtained and Hex* fulfills the conditions of magnetization fixed-bed stabilization. 
[0090] The examples 45-61 which used Co and Co alloy of bi-crystal structure are shown in Table 7. In addition, in a 
table, alpha of the column of the about 1 1 magnetic layer A shows a reactant amorphous layer. 
[0091] 

iTable 7] 



»t99 


11 ismmA. 


12 


13 attttHB 


»aW3 Oe 


Ov 


29 


Alg Og /fl/Ta/Co 


Ru 


C 0 


8 0 


3 2 0 


30 


Al 2 O3 Xa/V/C 0 


Ru 


Co 


200 


500 


31 


AI9 0, /ff/Zr/Co 


Ru 


Co 


70 


210 


32 


AI, 0, /a/FefiSColS/Co 

-fc — « 


Ru 


Co 


120 


5 0 0 


33 


AUG, /a/Cr/Co90FelO 

a — i 


Ru 


Co90PelO 


90 


360 


84 


AU 0, /a/Ta/Co90FelO 


Ru 


Co90FelO 


80 


320 


35 


A 1 „ 0« /fl/V/C o90F elC 
c 0 


Ru 


Co90FelO 


170 


450 


36 


Al„ 0. /a/Zr/Co90FelO 
Z 3 


Ru 


Co90FclO 


60 


240 


37 


Al„ 0- /o/Fe85Col5 
^ /Xo90FelO 


Ru 


Co90Fel 0 


110 


430 


38 


S i ox /a/Cr/Co 


Ru 


Co 


55 


220 


39 


Z r OX /o/C r/Co 


Ru 


Co 


53 


2 30 


40 


TlN/«/C r/Co 


Ru 


Co 


52 


2 10 


41 


Alg Og /c/Cr/CoS0Pt20 


Ru 


Co 


1000 


2 0 00 


42 


Al^ 0^ /a/C r/'Co 


.Cr 


Co 


6 0 


240 


43 


AlN/a/Cr/Co 


Ru 


Co 


100 


420 


44 


AlN/a/C r/Co 


Cr 


Co 


57 


230 



As shown in this example, as a nonmetallic ground for forming Co and Co alloy film of bi-crystal structure, AlOx, AIN, 
SiOx, ZrOx. and TiN can be used and especially AlOx and an AIN ground are desirable. In addition, it turns out that 
TiOx, TaOx, and diamond RAIKUKA-Bonn can be used. Moreover, as a crystalline metal-substrate film for forming 
Co and Co alloy film of bi-crystal structure, as shown in this example, especially Cr and V can use it preferably and 
Ta, Zr. and a FeCo system alloy can be used, in addition, Ti.W and Nb.Hf. — Mo. aluminum, etc. were found by that 
the alloy containing these elements etc. can be used 

[0092] Moreover, as illustrated in the example 3. the saturation magnetization of the ferromagnetic layers 1 1 and 13 
and the product of thickness can also be changed. 

[0093] Next, the example of the MR head of this invention which carried out the laminating of the coercive force 
increase layer to the ferromagnetic layer A of a magnetization fixing layer is described. 

[0094] The DDO reproduction section uses aluminum2 03 and the TiC substrate 1 to the magnetoresistance effect 
(Examples 45-74) It is nickel80Fe20 (2 micrometers) of the magnetic-shielding film 2 on this substrate, aluminum 
203 (70nm) of a nonmeta I lie-after shield division process ground layer is formed. This ground is used and they are 
NiO(15nm)/Co(3nm)/Ru(1nm)/Co(3nm)/Cu(3nm)/Co90Fe10 (3nm) / Ta (5nm). MR film of structure was formed. 
[0095] In this MR membrane structure, if NiO is thicker than 20nm, exchange bias magnetic field Hua. will tend to 
become larger than coercive force He, and fixing by the magnetic field of the magnetization fixing layer near [ which 
is the purpose of this invention ] the room temperature will become difficult because of Hua. For this reason, the 
thickness of NiO has desirable 20nm or less. 

[0096] Since even 20nm or less even of NiO thickness maintains about 300 Oes and the disappearance temperature 
does not disappear to 200 degrees C or more, either, the coercive force of the ferromagnetic layer A1 1 is stable. 
[0097] About this laminated structure, if the magnetoresistance effect is measured, it will become an R-H curve like 
drawing 7 . In drawing, the movement of the magnetization in each magnetic field of a magnetization free layer and a 
magnetization fixing layer is the same as that of the case of previous drawing 6 . The difference with the case of 
drawing 6 is a point which becomes right-and-left asymmetry to a magnetic field, in order that a coercive force 
increase layer may give the exchange magnetic field HUA to a ferromagnetic layer. For this reason, a performance 
parameter is also Hex*, Hex*, hex*, and hex*. It becomes. It becomes Hex* >hex* here. And it is the sense of 
magnetization of a pin layer Hex* What is necessary is just to turn in the direction to take. In the case of this 
example. He of a magnetic layer 1 1 is Hex* at about 300 Oes. Since 800 or more Oes are obtained, the stability of a 
magnetization fixing layer is fully acquired. 

[0098] In this example, various kinds of coercive force increase layers can be used besides NiO. Since it acts as a 
hard magnetism film. ****** is not needed theoretically. However, NiMn of a rule-ized system alloy, PtMn, PdPtMn. 
etc. need heat treatment for a part of rule-izing. If rufe-ization is a part, it is Hua<Hc, and fixing by the magnetic field 
of a magnetization fixing layer can be performed at a room temperature. 

[0099] After the above wafer process, it passed by carrying out polish of cutting and a ABS side and slider-izing a 
wafer with machining, and DDO was created. 
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.0100] The same example as the above and this is shown in Table 8. 

:oioi] 

Table 8] 





1 1 Sftfltt^A 


1 2 stsk 


1 8 SftSSI^B 


mcti Oe 


H # 


45 


N i 0 (iOtaiO /C o 


Ru 


Co 


150 


500 


46 


a-Feg Og (ISnO/Co 


Ru 


Co 


300 


600 


47 


a - F e 2 0^ (10ni)/C o 


Ru 


Co 


250 


520 


48 


P t 5 2Mn4 8a5iEa)/Co 


Ru 


Co 


60 


2 4 0 


49 


P t52Mn4 8aOaB)/Co 


Ru 


Co 


70 


2 1 0 


50 


I r2 2Mn7 8C40B/Co 


Ru 


Co 


55 


230 


51 


NiOaSmO/CoDOFelO 


Ru 


Co90FelO 


330 


800 


52 


N10aOnBO/Co9 0FelD 


Ru 


Co90Fe 10 


160 


6 10 


53 


P t52Mn48Q5nsO/C oMF elD 


Ru 


Co9DFe 10 


a 0 


2 7 0 


54 


P t52Mn48a0im}/C o&OP elO 


Ru 


Co9 0Fe 10 


85 


300 


55 


I r2ZMn78(4nB) /CoWFelO 


Ru 


Co90FelO 


60 


2 50 


56 


I r22Mn78(4iiB) /CoMFelO 


C r 


Co90FelO 


50 


2 10 


57 


Cr70Aia)(20nii)/Co 


Ru 


C 0 


7 0 


3 00 


58 


C r50Mn50C20nii)/Co 


Ru 


Co 


10 0 


300 


59 


Co OQOsnO/Co 


Ru 


Co 


14 0 


480 


80 


CoOCBieO /N i 0(5ni) /Co 


Ru 


Co 


180 


520 


6 1 


N i OQm) /Co 


Ru 


Co90FelO 


120 


460 



Next, the example at the time of changing composition of a holding power increase layer and enlarging He of a 

magnetic layer 1 1 is shown. 

[0102] 

iTable 9] 





11 aat»A 


12 m» 


13 aratttMB 




0? 


62 


N i Oq g (ISmO/C o 


Ru 


Co 


200 


500 


63 


Ni Oq g (IOibO/Co 


Ru 


Co 


170 


4 0 0 


64 


fl-Feg Og aSaO/Co 


Ru 


Co 


320 


640 


65 


a-Feg Og aihiO/Co 


Ru 


Co 


280 


560 


66 


P t 5 8Mn4 2(25niD/Co 


Ru 


Co 


210 


5 10 


67 


P t 5 8Mn4 2aBnm)/Co 


Ru 


Co 


15 0 


390 


68 


I r27Mn73a&iB)/Co 


Ru 


Co 


80 


2 9 0 


59 


N I 53 0 47a5nnO/C o90F elO 


Ru 


Co90Fe 1 0 


2 5 0 


700 


70 


N i 53O47a0nn)/C o90F elO 


Ru 


Co9 OFe 1 0 


19 0 


630 


71 


P tS8Mn42C2&n)/Co90FelO 


Ru 


CoSOFelO 


3 00 


710 


72 


P t52MTi48a5fn)/C o90F elO 


Ru 


Co9 OFe 10 


2 10 


640 


73 


I r27Mn73ata)/Co90F elO 


Ru 


Co90Fe 10 


100 


360 


74 


I r27Mn73(lQaB)/CogQFelO 


Cr 


Co9 OFe 1 0 


80 


280 



As Table 9 shows, it turns out as a coercive force increase !ayer that NiOx, alpha-Fe 203. PtMn, and an IrMn film 
can be used. In addition. NiMn. PdMn, FeMn, RhMn and the RuMn film, and Cr alloy film were also found by that it is 
effective. 

[0103] Thus, with the conventional composition, even if it is the film which cannot give the effective exchange bias 
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magnetic field of the grade which can fix a magnetization fixing layer, in the invention in this application, the coercive 
force He of the ferromagnetic of a magnetization fixing layer can be heightened, and stabilization of a magnetization 
fixing layer can be obtained. And according to a small thing, the exchange bias magnetic field Hua can fulfill the 
conditions of Hc>Hua to coercive force He. 

[0104] In the rule system antiferromagnetic substance, such as PtMn. NiMn. and PdPtMn, by composition 
acQustment, 20nm or more even in thickness can make an exchange bias magnetic field smaller than coercive force, 
it can fulfill the conditions of Hc>Hua. and can be used as a coercive force increase layer. 

[0105] Although the above example was bottom spin bulb structure which carries out a magnetization fixing layer 
every bottom, the same effect is acquired also in the topspin bulb structure which carries out a magnetization fixing 
layer every top as it is in examples 13-19. Moreover, the same effect also as the dual spin bulb structure where the 
upper layer and the lower layer were doubled is acquired from this. 

[0106] Moreover, as illustrated In the example 3, the saturation magnetization of a magnetic layer 11 and the pin 
layer 13 and the product of thickness can also be changed. 

[0107] Next, as shown in the typical cross section of drawing 4 , the example of the structure which carried out 
PATANDO bias by the antiferromagnetic substance every top is described. 

[0108] The magnetoresistance-effect reproduction section of drawing 4 uses aluminum2 03 and a TiC substrate. 
(Example 75) On this substrate, as a magnetic-shielding film 2 After membrane formation of nickel80Fe20 
2-micrometer film, and a shield division process, aluminum 203 of the gap film 3 Membranes were formed according 
to the usual membrane formation process, and Co80Pt20 (5nm)/Ru(1nm)/Go90Fe10 (3nm)/Cu (3nm)/Go90Fe10 
(3nm) / Ta (5nm) was formed using this ground. Coercive force He and Hex* of this ferromagnetic layer A of 1 1 The 
value is the same as an example 1 . 

[0109] In order to arrange the vertical bias layer 5 at the edge of MR film, it passes through a photo etching process, 
and it is Ir22Mn78 (12nm) of an antiferromagnetism layer. The lead 6 of Ta/Cu/Ta etc. was formed. The record 
process was usually created according to the process through the gap layer 7 and the SHI 1 RUDO layer 8 on it In 
addition, an antiferromagnetism layer may use the antiferromagnetism film with which an exchange bias magnetic 
field Hua like RhMn besides IrMn mentioned above. RuRhMn. NiMn, PtMn. PdPtMn, and CrMnPt is fully acquired. 
[01 10] Since the antifen^omagnetism film is used in this example, the magnetic field of 5kOe(s) is impressed to the 
method of the width of recording track of the magnetic head for the vertical magnetic shielding 2 and 9, grant of the 
induced magnetic anisotropy of the magnetization fi^ee layer 15, and stabilization of fixing of the magnetization by the 
antiferromagnetism layer which is the vertical bias layer 5, and it Is ******** about heat treatment. Heat treatment 
temperature was made into 270 degrees C which Is the temperature near TB of an antiferromagnetism film, and 
maintenance of 3 hours was performed. The magnetic field of 5kOe(s) was applied in the direction perpendicular to a 
ABS side at the room temperature after heat treatment, and the magnetization fixing layer was fixed. 
[0111] After the above wafer process. It passed by carrying out polish of cutting and a ABS side and slideMzing a 
wafer with machining, and DDO was created. 

[01 12] Thus, if it is an antiferromagnetism film using high blocking temperature, what becomes unstable by operating 
temperature like the example of comparison will not happen. ' 

[01 13] In this example, the magnetization fixing layer of MR film is the composition of every bottom. The result same 
as for every top is obtained. 

[01 14] Next, as shown in drawing 5 , the example of the structure which carried out PATANDO bias by the 
antiferromagnetic substance every bottom is described. 

[01 15] (Example 76) Using aluminum2 03 and a TiC substrate, the magnetoresistance-effect reproduction section of 
drawing 5 forms membrane formation of nlckel80Fe20 2-micrometer film, and aluminum 203 (70nm) of after a shield 
division process and the gap film 3 according to the usual membrane formation process as a magnetic-shielding film 
2 on this substrate, and is Ir22Mn78 (20nm). Membranes are formed. In addition, an antiferromagnetism layer can use 
the antiferromagnetism film with which an exchange bias magnetic field Hua like RhMn besides IrMn mentioned 
above, RuRhMn, NIMn, PtMn. PdPtMn. and CrMnPt is fully acquired. 

[01 16] A film Is divided using a photo etching process after that, this ground is used, and they are Co90Fe10 
(3nm)/Cu (3nm)/Co90Fe10 (3nm)/CKlmn)/Co80Pt20 (5nm) / Ta (5nm). Membranes were formed. Furthermore, the 
lead 6 of Ta/Gu/Ta etc. was formed for MR film through the photo etching process. Furthermore, it heat-treated on 
the same conditions as the case of every bottom of an example 78. According to this structure, sufficient bias effect 
was acquired also in structure every top. 

[01 1 7] Every top can apply this PATANDO bias also like composition every magnetization fixing layer top of MR film. 
[0118] 

[Effect of the Invention] As explained above, according to this invention, it can carry out, without affecting heat 
treatment of a magnetization ft-ee layer or a magnetic-shielding layer for formation of a stable magnetization fixing 
layer, and fixing of magnetization to temperature, the static electricity voltage, etc. For this reason, DDO cannot 
cause loss of power to it, even if operating temperature rises to the magnetoresistance effect of this invention, but 
it can maintain a stable output to it. And since It Is stable and the trouble by the static electricity voltage in the 
case of manufacture of the magnetic head or the assembly of a magnetic disk drive decreases to the static 
electricity voltage, the manufacture yield of the magnetic head or a magnetic disk drive can be raised. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
rOrawing 11 It is the cross section showing the 
effect of this invention. 

[Drawing 2] It is the cross section showing the 
magnetoresistance effect of this invention. 
[Drawing 3l It is the cross section showing the 
magnetoresistance effect of this invention. 
[Drawing 4l It is the cross section showing the 
magnetoresistance effect of this invention. 
[Drawing 5l It is the cross section showing the 
magnetoresistance effect of this invention. 
[Drawing 6l It is the ** type view showing the relation of the magnetic field of a magnetoresistance-effect film and 
resistance which constitute 1 operation gestalt of DDO to the magnetoresistance effect of this invention. 
[Drawing 7] It is the ** type view showing the relation of the magnetic field of a magnetoresistance-effect film and 
resistance which constitute other 1 operation gestalten of DDO to the magnetoresistance effect of this invention. 
[Drawing 81 It is the cross section showing the example of composition of DDO to the magnetoresistance effect of 
the conventional example. 
[Description of Notations] 

1 .... Substrate 

2 9 .... Magnetic shielding 

3 8 .... Nonmagnetic insulator layer which forms a magnetic gap. 

4 .... MR film, 

5 .... Vertical bias layer, 

6 — Lead 

7 .... MR element, 

1 1 .... Ferromagnetic layer A 

1 2 .... Binder course 

1 3 .... Ferromagnetic layer B 

1 4 .... Interlayer 

1 5 .... Magnetization fi^ee layer, 

1 6 .... Magnetization fixing layer, 

1 7 .... Antiferromagnetism layer. 



[Translation done.] 



composition of 1 operation gestalt of DDO to the magnetoresistance 
composition of other 1 operation gestalten of DDO to the 
composition of 1 operation gestalt of further others of DDO to the 
composition of 1 operation gestalt of further others of DDO to the 
composition of 1 operation gestalt of further others of DDO to the 
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CLAIMS 



[Claim(s)] 

[Claim 1] Come that the antiferromagnetism combination of the ferromagnetic layer of the couple coercive force 
differs in an aforementioned magnetization fixing layer in the magnetoresistance-effect head using the huge 
magnetization resistance effect film which has been arranged through a nonmagnetic interlayer. and which has the 
magnetization fixing layer and the magnetization free layer of a couple at least is carried out through a binder 
course, and it is magnetization fixing marginal magnetic field Hexi" of an aforementioned magnetization fixing layer. 
The magnetoresistance-effect head it is referred to as 200 or more Oes at a room temperature, and carry out a bird 
clapper as the feature. 

[Claim 2] The ferromagnetic layer of the couple which comes to carry out antiferromagnetism combination through 
the aforementioned binder course of the aforementioned magnetization fixing layer in a magnetoresistance-effect 
head according to claim 1 is a magnetoresistance-effect head which composition is changed and is characterized by 
the bird clapper. 

[Claim 3] The metal with which at least one side of the magnetic layer of the couple which forms the aforementioned 
magnetization fixing layer makes Co a principal component in a magnetoresistance-effect head according to claim 1 , 
the metal which makes Fe a principal component, or the magnetoresistance-effect head characterized by being [ of 
the metal layer which makes nickel a principal component ] any one sort of metal layers at least. 
[Claim 4] The magnetoresistance-effect head to which at least one side of the magnetic layer of the couple which 
forms the aforementioned magnetization fixing layer is characterized by being the metal layer which contains Co 
more than 50 atom %, and contains at least one sort chosen from the element of Pt, Cr, and Ta as remaining 
components in a magnetoresistance-effect head according to claim 1. 

[Claim 5] The magnetoresistance-effect head characterized by one side of the magnetic layer of the couple which 
forms the aforementioned magnetization fixing layer being an oxide ferromagnetic in a magnetoresistance-effect 
head according to claim 1. 

[Claim 6] The magnetoresistance-effect head characterized by one side of the magnetic layer of the couple which 
forms the aforementioned magnetization fixing layer being a nitride ferromagnetic in a magnetoresistance-effect 
head according to claim 1. 

[Claim 7] In the magnetoresistance-effect head using the huge magnetization resistance effect film which has been 
arranged through a nonmagnetic Interlayer and which has the magnetization fixing layer and magnetization free layer 
of a couple at least The monostromatic which the aforementioned magnetization fixing layer consists of a 
ferromagnetic layer of the couple which carried out antiferromagnetism combination through the binder course, and 
is chosen from the ferromagnetic layer of the aforementioned couple The magnetoresistance-effect head 
characterized by being the hard magnetic film which has the bi-crystal structure which is formed on a crystalline 
metal substrate and contains Co as a composition element. 

[Claim 8] It is the magnetoresistance-effect head which the aforementioned crystalline metal-substrate film has an 
amorphous layer between nonmetallic grounds in a magnetoresistance-effect head according to claim 7, Is formed, 
and is characterized by the bird clapper. 

[Claim 9] It is the magnetoresistance-effect head which the aforementioned crystalline metal-substrate film has a 
mixing layer between nonmetallic grounds in a magnetoresistance-effect head according to claim 7, is formed, and is 
characterized by the bird clapper. 

[Claim 1 0] It is the magnetoresistance-effect head characterized by being the oxide or nitride in which the 
aforementioned nonmetallic ground contains aluminum in the magnetoresistance-effect head of a claim 7, a claim 8, 
or a claim 9 given in any 1 term. 

[Claim 1 1] It is the magnetoresistance-effect head characterized by containing at least one sort of elements with 
which the aforementioned crystalline metal-substrate film is chosen from the element of Cr, V, Ti, Ta. W, Zr, Nb, Hf, 
Mo, and aluminum in the magnetoresistance-effect head of a claim 7, a claim 8, or a claim 9 given in any 1 term. 
[Claim 12] It sets on the magnetoresistance-effect head of a claim 7, a claim 8, or a claim 9 given in any 1 term, and, 
for the aforementioned crystalline metal-substrate film, a body center cubic crystal is the magnetoresistance-effect 
head which carries out and Is characterized by the bird clapper abbreviation <200> orientation. 

[Claim 13] In the magnetoresistance-effect head using the huge magnetization resistance effect film which has been 
arranged through a nonmagnetic Interlayer and which has the magnetization fixing layer and magnetization free layer 
of a couple at least The aforementioned magnetization fixing layer has the ferromagnetic layer of the couple which 
comes to carry out antiferromagnetism combination through a binder course, to the monostromatic of the 
ferromagnetic layer of the aforementioned couple The oxide layer which makes a principal component at least one 
sort of elements among nickel, Co, and Fe, The laminating of at least one sort of coercive force increase layers 
chosen from the metal layer containing Mn and the metal layer which makes Cr a principal component is carried out. 
and it comes to consider as a laminated structure, the ratio of the coercive force He in the ferromagnetic layer 
which has the aforementioned laminated structure, and the exchange bias magnetic field in this ferromagnetic layer 
by the aforementioned coercive force increase layer — He/Hex The magnetoresistance-effect head which is set up 
more greatly than 1 and is characterized by the bird clapper including the case where the exchange bias magnetic 
field Hex Is substantially set to Hex=0. 

[Claim 1 4] The magnetoresistance-effect head to which the aforementioned coercive force increase layer is 
characterized by being the layer which makes a principal component at least one sort as which thickness is chosen 
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from the cascade screen of NiO 20nm or less, CoO, and NiO and CoO in a magnetoresistance-effect head according 
to claim 1 3. 

[Claim 1 5] The magnetoresistance-effect head characterized by being the layer to which the aforementioned 

coercive force increase layer makes a principal component Zx Mn 1 00-x (at least one sort by which Z is chosen 

from the element of nickel, Pt, and Pd here) in a magnetoresistance-effect head according to claim 1 3. 

[Claim 16] The magnetoresistance-effect head characterized by the thickness of the aforementioned coercive force 

increase layer being 15nm or less in a magnetoresistance-effect head according to claim 15. 

[Claim 1 7] The magnetoresistance-effect head characterized by being the layer to which the aforementioned 

coercive force increase layer makes a principal component AX MnlOO-X (at least one sort by which 40 or less [ 0 or 

more ] and A are chosen for x from the element of Ir. Fe, Rh, Ru. Pt, Pd, and nickel here) in a 

magnetoresistance-effect head according to claim 13. 

[Claim 18] The magnetoresistance-effect head characterized by the thickness of the aforementioned coercive force 
increase layer being 5nm or less in a magnetoresistance-effect head according to claim 1 7. 

[Claim 19] It sets on a magnetoresistance-effect head according to claim 13. and. for the aforementioned coercive 
force increase layer, thickness is alpha-Fe 203 20nm or less. Magnetoresistance-effect head characterized by being 
the layer made into a principal component. 

[Claim 20] The magnetoresistance-effect head characterized by the aforementioned coercive force increase layer 
being a Cr alloy layer in a magnetoresistance-effect head according to claim 13. 

[Claim 21] The magnetoresistance-effect head characterized by the aforementioned coercive force increase layer 
thickness being 20nm or less in a magnetoresistance-effect head according to claim 20. 

[Claim 22] In the magnetoresistance-effect head using the huge magnetization resistance effect film which has been 
arranged through a nonmagnetic interlayer and which has the magnetization fixing layer and magnetization free layer 
of a couple at least ft comes to arrange the vertical bias layer using the antiferromagnetism layer which removes a 
Barkhausen noise in the aforementioned magnetization free layer to the ends of the width of recording track. The 
aforementioned magnetization fixing layer is a magnetoresistance-effect head which it consists of a ferromagnetic 
layer of the couple which comes to carry out antiferromagnetism combination through a binder course, and 
magnetization fixes below 200 degrees C^. and is characterized by the bird clapper. 

[Claim 23] It comes to carry out antiferromagnetism combination of the ferromagnetic layer of the couple from which 
composition and coercive force differ mutually in a magnetoresistance-effect head according to claim 22 through a 
binder course, and the aforementioned magnetization fixing layer is magnetization fixing marginal magnetic field Hex* 
of the aforementioned magnetization fixing layer. Magnetoresistance-effect head characterized by the bird clapper, 
being used as 200 or more Oes at a room temperature. 

[Claim 24] In a magnetoresistance-effect head according to claim 22, the laminating of the coercive force increase 
layer is carried out to the monostromatic of the ferromagnetic layer of the couple of the aforementioned 
magnetization fixing layer, and it comes to consider as a laminated structure, the ratio of the coercive force He of 
the ferromagnetic layer to which the laminating of the aforementioned coercive force increase layer was carried out, 
and the exchange bias magnetic field in this ferromagnetic layer by the aforementioned coercive force increase layer 
— He/Hex The magnetoresistance-effect head which is set up more greatly than 1 and is characterized by the bird 
clapper including the case where the exchange bias magnetic field Hex is substantially set to Hex=0. 
[Claim 25] It is the magnetoresistance-effect head characterized by being the hard magnetic film which has the 
bi-crystal structure which the monostromatic of the ferromagnetic layer of the aforementioned couple is formed on 
a crystalline ground in a magnetoresistance-effect head according to claim 22. and contains Co as a composition 
element. 

[Claim 26] The magnetoresistance-effect head to which the sense of magnetization of the aforementioned 
magnetization free layer and the aforementioned magnetization fixing layer carries out an abbreviation rectangular 
cross, and is characterized by the bird clapper in the magnetoresistance-effect head of a claim 23, a claim 24, or a 
claim 25 given in any 1 term. 



[Translation done.] 
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